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Recovery of Platinum Group Metals and Valuable Metals from Spent Automotive Catalysts
by “Double Hydrometallurgical Method”
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Abstract: PGMs and valuable metals include lanthanum, cerium and zirconium, were comprehensive
recycled from a variety of spent automotive catalysts (SAC) by conventional hydrometallurgical leaching,
pretreatment-water leaching, and hydrometallurgical leaching again that is "Double Hydrometallurgical
Method" as a metallurgical breakthrough. X-ray fluorescence method, spectrophotometry, ICP-AES
method, scanning electron microscopy and X-ray diffraction were used for analysis and characterization.
The results show that the leaching rates of platinum, palladium, and rhodium have been increased by
7%~30%, 2%, 18%~21%, respectively, and the final leach residue rate is 30%~35% by using of the
"Double Hydrometallurgical Method" to recover PGMs from SAC. At the same time, the valuable metals
of lanthanum, cerium, zirconium are effectively recovered, the comprehensive recovery of cerium,
zirconium is more than 92%.

Key words: nonferrous metallurgy; spent automotive catalyst; double hydrometallurgical method;
platinum group metals (PGM); zirconium; cerium; lanthanum
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BT, H IR B B R B EIR R
133 PGMs VRS FHO AT B ARk T By XS
R MNP T BRI TR
{H2 B FH R ER AR N SAC H A PGMs
HAEEZ . BT SAC K%L, S PGMs
ESCRANEE S, B 10%~15%1K% 5. 14 R
T ml A AR, BT PGMs FIORE B & Bl 1)
BAEEE, HS TEH, Fl e e A
T PGMs BIRE )M EMTE R Z H A AL A7
2 MR YE TR P B R AR AR O,

IR ER B AR L R, g R
A, RZAMERR X P72, s it 2
RN © SAC fEfEHEEF, REEET
B, EARESRAERKAE, PGMs #EEE, RAER
Wi @ . #EEALTE R PAO RhyO5 S5AEIRH AL
Vi, FEART R, HHRIRIR B PGMs i
£ 150~200 g/t, A AR AL 73 AIAE 40~50.
40~50 % 70~100 g/t, MEFZM T PGMs FI[EIISCR.

e R IRIRR H L EAAERIERE, A7
Xf SAC $RHITHI “X0BiL” T2, %% PGMs
K H(REVE “ XL T2l R A i el e o s
FIFH “XR7%” L& SAC H K] PGMs, i PGMs
IR H 24 T 3%~20%, 5 AIEEE IR 3 L
AR KIRERS, mHARTZEZEET B4
JEEIAE: . 2ot T2, WRE AR v T
IREMEATERA R )45, PGMs KB h &8
RENTIEAFRIA, WL TAEPRAER. K LEHEAR
B, RTREPERR, T20IS Y. RRRRMR. FREEACLT
NEEZ LBy B
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1.1 TZREBEREHE

PRI EAGTRILE A F I R PGMEs ok ] L 4%
A p-Al,03 75 1150°C LA LR 48N a-AlO5, A
IS LETORIAE o-ALO; fU5E, PHAS ¥R . I
PR IR RERT AN AL, BRI R . &
EAMFIEAE T B R BRI T AT IS AR AR A L 4R
F LA, R EAYD(RhO5) AR, R,
BEI ISR . R X — 1, ARSCRA “W
k7 L2, RN E 1R,

“CRRE” A TS E IR RE A FLE

THAE B X GRIRIER T A VTR R A
A, IXPEACEAUREL, WFNEAER . R, AR
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W PGMs (AR AN s I8 I A B 7 Ak
AR A P T B R Y RVA TR L
PR AL 5 PR A . B 855 I s
Fe N TR IER N 5 ¥ T Bl 5 ) R
TR G NAEVERIBRIR R 2, IR LT
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Fig.1 The process flowsheet for recovery of PGMs and La,
Ce, Zr from SAC by “Double Hydrometallurgical Method”
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Tab.1 Content of PGMs & valuable metals in raw materials

No. PR )R/ (g/t) A e)E%
Pt Pd Rh >PGMs Ce Zr 1la

1¥ 3149 9268 159.0 1400.7 3.58 0.63 5.32

2% 3374 24402 259.0 3036.6 2.65 049 2.99

SISV A A4S SHZ-DAID R EF K R A,
ANEWEGER), NE AT EEER) ), B
B S500W), WO, 5845708 1000,
5000 mL, S212-90W Z$iiHE2e,

1.3 LB HEE
1.3.1 HHEER

FHRFREL 200 g SAC T 5000 mL Y H LM,
FERE EL(L/S)=3~6:1 NN —E I FE IR, Nk
BIFrFRRSE, FEBCRET, S22 N B A A 7
VAR, BEERE 300 /min, SRR N EE)
LA B S A SR LT, BRAIER: H R R AE SR 5 1)
ST HEAT o S B T B 7] 5 45 18 0 #AR0
BidE, AHRER, BESmELE, BERsE. &
HRME, IEEREREM TR E, TR A
11 Pt. Pd. Rh &, RIESEITE PGMs 2 H
R(E)»

1.3.2 TRALHENZ Hi

FRPREL 100 g 32 (T H) TAF WA, 1%
M — e M BC L S TAC B RV &350, FHE B e 4%
PEFARIE 1~4 he PR, BEIAH. BUH T
S RIIRL, 1% LIS=6~10:1 NN —EKRZHIER. /K
W HER o IS B TE B (A J5 45 BB R,
WA E I UE, IRVEVERME TR E, IR E AT,
43 T BURE 43 BT 7KIR 8 HR ) PGMEs 7 8 S /K IZ A Y)
La. Ce. Zr 5 &.

1.3.3 KRBEBEEMNR H

FHRFREL 50 g ZKIZ¥ET 1000 mL PU B,
¥ L/S=2~5:1 M\ — € W IRV, T n 484k 77,
HJE AL B AR5 W R AR A
1.4 SHTRIE

FESh ) PGMs 25 B /0 e iz i
ICP-AES Jll5E RE &8 FIFE4E X AT

(XRD, HAF: TTR I 29 A3 85 (SEM, H
37 S-3400N) % [ AR i T SR AN AR EAT 53 #7

2 ZR5hR

2.1 “SUBELEH PGMs KIEHE
2.1.1 HHEER T PGMs

B, LIS=(2~6):1, IRSE 3~10 mol/L, I 95~
100°C, 32 HiB [H]) 3~6 h, IIFAF- R 24 A L £ 88~90
CHE, FFEZAEINNENANEI, 12 H IS R
30 min HUFEAS IR Ao A7 AR B AR 4, IR R
R YRR TR FLALAE 800~1200 mV, RIS HR)E, W
BHA N 25 R, 1 U B, SRR 2 K& AT, PGMSs
BELGRIER 2 Fin.

K2 HEREERHSED PGMs HE LR
Tab.2 The PGMs enrichment result of conventional hydro-
metallurgical leaching
P IR B (g/) i
Pt Pd Rh  ZIPGMs /%
" JEk} 3149 926.8 159.0 1400.7 504
TWEME 471 406 757 1634
JEk} 3374 24402 259.0 3036.6

28 60.5
TREME 1873 1044 1422 4339

No B

IR 2 5, 1" HHE LK SAC LH R g%
SR 1, Pt Pd. Rh FIR H 5508 91%- 97%.
T1%.2" 5 4 )@ F B SAC & B EE U,
Pt. Pd. Rh fIR IR HH 66%. 97% 67%. FI
F SEM F1 XRD HexFATLLBA B & ISR A AR R
fiE, B 2~3 050008 2 FkbZ TS B SEM BB
A XRD K. @& 2 AT, ERSERBE, @&
A — LK UR Y PGMs A B AR, Wik,
o TR R, B3 AT, RV ORI
FER A B Mg, AL Si PLEERS K. Ca
B B YA (MgO - AL O5-Si0,-2H,0), #
5> PGMs # BB EXFIAHS, AReS IR UF 4%
filr, 1 BGR HE TR SR RPHR H K PGMs.
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Fig.2 SEM images of before & after leaching

1Rk T 2ER
j : 572 E S, o
g 2 828 S
1§ &%
3 %é a8 =
= . oi = o
%’ '%q % é: E: A O ;’-‘:
i g 4 4 93,
23 ) 2% %o
83 : Z 2
S o z"
0 10 20 30 40 50 60 70 80 0 20 20 60 %0 100
20/(%) 20/(°)
5y 1= R il /e S
;

MgO.2MgCO,
TuTes,

80.2MgCO,

1
40 50 60 70 80
20/(°)

0 10 20 30

B 3 JFORR R T XRD Bl

Fig.3 XRD patterns of raw materials and secondary leaching residue
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2.1.2 TAbEE-/KIR

DL 2.1.1 SEEG I Rty SRRk, 5 Tl A 2 77
ME S 1:(0.5~1), REHIZIEIE 100~500C %
PERTiALEE 1~5 h, AEF] 50°C L F#HT/KIZ,
LIS=(2~6):1, ‘HiRHiEE 1~3 h, VAR #2675
0.1~0.8 mol/L. PE¥EUEWE 3 K, T . WEEIEHST
ESCA 48, TiALEL G KIRVE  PGMs i 5E 45
Rk 3 s

£ 3 TABE-KRBEHRERNER
Tab.3 The enrichment of PGMs by pretreatment-water leaching
BTG JE 2 8 (g/h) R
Pt Pd Rh XPGMs /%
# TUGRIE 471 406 757 163.4 640
KR 62.6 648 1151 2143
TR 1873 1044 1422 4339

2 . 63.4
KR 3363 167.8 2153 7194

No B2

R

<

Bl 4 FAbEE-KBR HHEK SEM EE

K 3 0] 0L, FiAbEE-7KIR G5 R HEH PGMs
JREAMEE, EEMGEECN 1.3~2.0, BT
40%, AJEIARR BRI TERIFM . S0t AL BE-
KIZ, Bl B BEEE KR . A2 bTill
IR PGMs /T 0.0005 g/L. PAHEHHKIR
h Pt. Pd. Rh HJ& P47 748 97%- 105%- 99%,
F A TRAL B -7V AT 18 B PGMs 120 B 2k«

TRALBE-7K IR 2 B S0 45 SRR B, A8 il Af 2R
BT, RAEEAFIT I PGMs kL4 R Bl ok
A IO N B A B R B T R AL, I — Ay
PGMs 2[Rl sl et A 8 A 2k Ak itk g . B
PATE PGMs $HGSHE 1 Ja B4 T FF 4% PGMs itk
ALEE . ASHIT TR DD FRUAL 2R 77 P4 348 PGMs 3
K78 57 2 i SRR A R SROSL. —IRIR H E TRUAL ]
WG TR SAAA R R A R 2 5, 8 4.5 430
M H SEM ElZ A1 XRD K3

by s

SPW-58400N'15 0KV 10'5mm x500 SE

Fig.4 SEM images of leaching residue after pretreatment-water leaching
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Fig.5 XRD patterns of leaching residue after pretreatment-water leaching
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ML 4 0T DUE H TIAREE S (1) 7K R
KENRG, RUWEHES S RBFEE, 51N
oy B S S5 R, K2 (1) PGMs 8% K,
fRIUE TR — PGMs B2 H . BHE 5 mTAL, st
BT — ORI 2 J5, VIR UR AR, K
RBZJE, MIENERE T Lay Ce. Zr. Al %
NI, BRI R ANE R Si0,. [RIL, i
AFEFRTRALTE, 4TI T SAC #fk%F PGMs (%,
HRFIGELFRH .

2.1.3 JKIRIEFIZH PGMs

SIS JRE g ohn Pt 4k B R T AL BE - /KR S KR
W, L/S=2~5:1, PR 3~10 mol/L, FHEZETE R
FE JE FF AR BB 38 S IMNEAFNE IR, kiR 2 e
HBERH 3~6h, I8, Pedk 2 Ik, Pedkigid 3 Ik,
W, BRE, BT, KRBFIR G PGMs
SEWE 4 fin. R 400, PGMs F4 7 24
o T E U B -/KR I FE o0 T K EHI# 2
A4y, MIRRWE, BEAFERIYE, HiEN
10%~20%.

SPM-53400N 45 0kV. 10 4mm X100 BSE

R 4 KREFRL K PGMs 45
Tab.4 The enrichment results of water leaching residue
leaching of PGMs again
RSB &R/ (gh) pioged
Pt Pd Rh  XPGMs /%

1# KB 626 648 869 2143
RARME 176 185 435 796 1144

o I 3363 167.8 2153 7194
RAREE 26 404 816 148 1220

6. Kl 7 MR R SEM E& 1 XRD
BIRE . FHPE 6 T, S5 205 s 0 S0 25 B K
RETCHEMRL. BE 7 /T, RERHERNE
By f& CaSO4-1.5H,0 Fl 2Ca0-6(Mg,Al)O-
6(S1,ALB)O, 1RMEF# A, H PGMs & &5
fiX, FFEUSL PGMs B A% R, TR SEhr R
M.

B 6 AR SEM EE
Fig.6 SEM images of final leaching residue
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2.1.4  “REREE7HEERE B T+ PGMs
B H 0 B A
RS vk, S EMIEER R, BURH

BFRE, M PGMs &&; UUR B “ 0GR

R5 WEEHERBER N LTZ PGMs R RXTH

%7 L2 HEN PGMs, HURZKRMERE, i
PGMs & &. RIEWET PGMs ZEiHERHE, 45
BXTHF% 5.

Tab.5 Comparison of PGMs leaching rate by '"Double Hydrometallurgical Method" and conventional hydrometallurgical

leaching method

No. BRI R % "R R % R R/ %

Pt Pd Rh Pt Pd Rh Pt Pd Rh
1 91.20 97.42 71.99 98.12 99.33 90.79 6.92 1.91 18.80
2" 67.35 97.48 67.70 97.21 99.40 88.58 29.86 1.92 20.88

R S AL, “REVE" TERHRMHBHE,
BOE MR Y T2 Pty Pd. Rh R E T
7%~30%- 2%. 18%~21%.

22 “XGEE” TZEHBHPENMERIES

R T HEM SR AL BRE XL L8
FHE B, IRATA T 2437 sL5t . @it
INFAL R 7 FRAL FAS SAC TR Al BEEE AL N
AR ER, AR A NI, AR5 PR
RN -5 VT P (O B S S T RONE 2 A N AN TR I

Ko “XEk” LZEEPH. . BHEE

S ERLLNS), MR UTEEsT . S5 HAR R 7 B
R £ P 2B A AN R R S SR A SR il
ZexduE. VelkbR L T AR ERAR 5 SR ot A .
VU Bl ERRCRR A TS pH A F F BRI H A
MIEsR R E . FIREEE . AR, |
A2 2D A B E TS RIS R UL
WIS IR Z AR R T . IRl . BEIR B . 1
R Bl B AR TR AR R R U B
KR, AR IR 6 Fror.

Tab.6 The enrichment of cerium, lanthanum and zirconium by “Double Hydrometallurgical Method”

No. - /g Joi & 53 KU % TR /g
Ce La Zr Ce La Zr
JEk 170 2.65 0.49 2.99 4.505 0.833 5.083
RS 100 4.37 0.77 433 4.37 0.77 433
1" TRAL B - K IR 64.9 2.67 0.43 1.81 1.73 0.28 1.17
AR HE 57.2 2.27 0.35 1.44 1.30 0.20 0.82
B HE% 61.54 66.50 76.89
J 170 3.58 0.63 5.32 6.086 1.071 9.044
TR 100 5.91 0.98 7.70 5.91 0.98 7.7
2" TR B /K I 63.4 1.71 0.28 327 1.08 0.18 2.07
AR HE 61.6 1.24 0.20 2.07 0.76 0.12 1.28
B HE% 82.19 83.42 77.08

M2 6 Al “XRsk” TEH, 8. i B
IR Y N T4.5% T2% T7%. ARFE /NS
AR, AT T TARES, BRI 400 kg, TR
AbFR- KPR T B e 287 di (Pl P18 1 4 2 Sl
# 7. K8 IR,

H& 7. £ 8 AT, TR 4. BHR

AR RIA 92%LA b, Hhi. BRIt R, B
KT 95%, =ik, KIZEEH 4.03 g/L,
DU ERR S A 0.22 g/Ls &85 3.27 o/L, VUSRS
Hliy #535<0.001 g/L; EAMAIR T 5/ BLR IR LA
AHE, ULEHEIR R T2 8RR E .



pal:

536 &

K7 TBEKBE LT, SGHNERETE

Tab.7 The metal balance of cerium, zirconium in pretreatment-water leaching process

T P o CeO, 710,
TR%  Fif/ke /% TEY%  FiR/ke W%
E I 12 400 kg 5.34 21.4 - 4.89 19.6 -
KR 253 kg 0.21 0.5 2.5 0.61 1.6 7.9
N — YK 3500 L 4.97 17.4 81.3 4.71 16.5 84.2
il ZUOKIRE 3000 L 0.92 2.8 13.0 0.62 1.9 9.5
it 6500 L — 20.2 94.4 — 18.4 93.9
x 8 N\TULHEERSBS . B WE LT &ETE
Tab.8 The metal balance of the whole process of cerium, zirconium from pretreatment to get product
TR 4 HFke GO 19,
HFE/% JRs/kg /% EFE%  JFig/kg W2 /%
N R 400 5.34 21.4 - 4.89 19.6 -
KR 253 0.21 0.5 2.5 0.61 1.6 7.9
o SRl 28 74.6 20.9 97.6 0.95 0.3 1.5
i RS 57 0.09 0.1 0.26 33.8 19.2 98.0
&t 85 21.0 98.1 19.5 99.4

B AT T SRR TR SE 56, DU R H I
TR AR UORE, FRRES AL R, BRI e
B o RAEGFIE, BRRPIMNERE RN G AT Ak
S ETERE, BERTIERA. PRSI R N
B AR FERNE IR, R ER Re s FL A Et i
filts HERREEA T HEAEUTT DO IRIA AR, AT Z
A STk AL
3 4w
(1) KA “BEE" T2 R SAC F11) PGMs
AWM &R, BRI T CRRE” L2 G
PGMs [ 8 i #510E 5.

(2) FIH“WEIE” T2 R SAC F ] PGMs,
4. A R BE IR H R LG E R 0 IR I
TERBEDHIRE T 7%~30%- 2% K 18%~21%.
“CXGEIE” AR EUSCH . Bl g, Tkt
Bl BERIR R KT 92%, JUIEREIKT 95%,
Fli. BRI T Z 28 RE.

(3)  “RURIE” T EMBEIT /N 1= H R
BRI, B BTN AR
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