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17 4 )& (platinum group elements, PGMs) 1, 5§
Ru. Rh. Pd. Os. Ir f1 Pt 6 fyt &, JuiL Pt. Pd Al
Rh 3 Fofr <52 J& A7 10 57 1) HE A M B8 R4 5k 1) BRAL A 5T
EREMAT. A, LT, By, Hif. B%E. 3%
B2 SR AT B A T AN AT ECAR Tz A T,
BERR A IR T gE AR 2 M2 — m R R B R .

SRR & B SR o AT R A A, 4 5%
b R B U, 99% L Y PGMs SE R fE R E
WD A A = A0 5 A5 [ S A DX 3 A IR
SR PERBMLE =, 2017 FE L it R iEEN
365.3 t, (it FLEfEE 0.58%, FENZE &JEAMEL
BEAAEER . 2009 FIF 40, FRIE PGMs i1 T B B K
JEH S 1AL, R RB B EE S, 2019 A H A
W EIAF 165 t, LSRR 27%LL E, FEMN
FEIR A ) S . JR ER R B 2 A Jm
A AL, B K Gt R s Ak 2] 2020 4F 6 4 [E L
HIERA BIAE) 3.6 12, A RSN 44 4R
MEIR, ¥4 KEE S PGMs HIEVRZE RS ML
(spent automobile catalysts, SAC) X% i, SAC H
MkERSERY RS 2R A T
I HL 53 A X B — , W FR A <da B 3 IR T B % 4
JEA 1.

R R A AL 20 tH 28 70 AR T 46 B2 H BLK,
0 T AL A B A 7 L B X Y = R AR )

Ui BER: 2020-09-10
EE&WE: EXRELTLEIBIHESE (GZSYS-KF-2020-008)

BRRAE = 4R TR = AR DA B AR R L e BB,
AT FE A RE BhFIATE AR,
UL EFAMRERNE, FIREHHR(50~200 wm)
PLEAL y-ALO;, F#B4Mi L (CeO,. Lay05) KidiE
4 & (ZrO,. Fe,0;. CoO. NiO. MnO,. Cu0,) %
B, DU ARARAE R S AR . Pt Pd.
Rh 3 B2 £ L HyPtCly. PACl,. RhCl; R 15
P& SRR SR T, W IE JFEAR ERAE 2~5 nm &R
Fi T (& 1000~3000 g/t), B A AL AL R R A
EEAFKHERMEHERES, BN FBE. B2
SERIPIER . 4R AR AR S AR A A A 7R T Ok R
R E R E A B S, BARERAMEAT F4
R4 & i A A T DL b, e i ek 3R ] s
PefitE. R, JFRE SAC “IREREGEAE, LUl
PGMs R IR, AT o 3k [ 40 G 6 JE = 1%
PR SRR JE . Rt 2AT L AT RR AR K
REAEKEX.

ARXTFEMEER T HARESET =0, o8 T
SR T SR IR LUK, A IR T SAC
dhlal e PMGs B R SEBA, R T RSB I J7 AR R
ek, NGRS R R B R R A R A — e
SEKYE .
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1.1 fAREREW =R

AR S0, A BRI B0 4 WU R AR R AR R R
W W, R, HEEAFEMEESER, M USGS
Guit, I FAE AR P ARE G W L
Kl 2 s

I 1 AT &1, 2015 4FE & 2019 SE & BREFHIY
B4 185.62 t, X FAEF P07 Mgk 136.4 t,
AERFE R 73.48%, HUORME Wi, EEAAFHMINE
K, FEPH RS BN 22,16, 14.3 F18.90t. A UL,
SRR R EERER . KPP HMEDA .

FH ] 2 AT 50, O TR A BRAE I PR 4 D 216.95 t.
W% 31.14t, FEEPEMRDHMEIE, Fryr
BN 84.43. 81.34 t, HABKTEN 38.90%.
37.52%, HxzEMmEKXR. EEMEDAA S,
1.2 2IRHEEEHNIER

AR S B AL R B IE T BER, k2
TR, TR BHIR R R R R AR
[ bR 4B h £ USGS Giit, 3 5 AR N 1
MAnpE 3. B 4 Fios.

HHE 3 AT %0, 2015 fFAxEREAHER & 242.3t, i1 4
SEMER EILE 250 t BA E, 2017 4E ik B 262.6 t;
SERIET PR RN 1902t R ER 75% A4, IR BRI

.Russia 22.16t
\‘7!%%@ 8.90t

J

SA 3.86t
mbabwe 14.3 t
South Africa 136.4 t

1 2015 ZF 2019 EEFREF Y AR

Fig.1 Global average annual mineral production platinum from

2015 to 2019

Russia 84.43 t

Canada 19.83 t
USA 13.10t

A
1“" Zimbabwe 11.65t

’Others 6.60 t

South africa 81.34 t

Kl2 2015 % 2019 4F 4 IR F 7 FE A L
Fig.2 Global average annual mineral production palladium from
2015 to 2019
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Fig.3 Global average annual supply of platinum from 2015 to 2019

PR 25% /AT, R RBEEIE K, L 2019
FEETRE SAC S IREE A B HIL 69 to

1P 4 TR, 3T 5 A BRAT LB B FRE 7E 2875t
PLE, ETHENEA 302.9 t. JF RBEH Y,
2018 FE AT BRI N B f 5 N 317.2 63 I P24 h 216.2 t,
G EHCA 71.37%, SIEFE IR T IR R L
AR 5B 28.63%, FEREIZFEMINMES, JLHE
2019 F R FUR EISCAR SR E I, GA F 104.2t, ALk
WhnE 33.16%; —REIRFEERK SAC FIHLFHIK,
M SAC H [E] YA 1) 4 J B o Ok B R Bl 0 e B
85.5%.

AR R B R R S HROR, E
Bk EH TR E RSO0, JF 2G5
HH AT L, SAC H PMGs [ i 2[RI Uk T 4= BREA IR 42
JEE P B A v R oL i B R L
1.3 fAkEREEHBEER

BT 4 ) o B ) B A 2 G AL ), IR
RBA. AT REgnib TR 808, AAMEY

Isccondary resources
IlMineral resources

Pd Output/t

2015 2016 2017 2018 2019
Year

Bl 4 2015 2z 2019 4 A ERFAL AL 5
Fig.4 Global average annual supply of palladium from 2015 to 2019
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Miv 8. TSR EE R AR E R
et HdE, 2019 9 A ERETAD B ATk A i 1
5. K6 fins

HH I 5 A%, 2019 S5 ARk 2 F EE PR E
AR R 5 A, 3 & ik B 37%
1 26%, Gt 63%; HUGERTE. LT, . B
T AR 2 SRR, BT P A LB .
Kl 6 AT %, 2019 4F A BRI 2 R EE R ERERS
AT AR, & EIAE] T 82.2%, HUGEH T 4T,
PR 5 E A R A, I O U R R R

2 BESBIZ

M3k T2 R A3 BV K i ey P
Pd. Rh¥&f#7> B, MR B & EAE K PGMs, 5%
B W & B AR VAR, AT O o) Pt Py Rh B AR

o B OB EER DR 2Mg0 2A1,05 -

5Si0,, HANERAL A VE AR T Faoe o MEw TR, 7E i
WA R R, IREREN Pty Pd. Rh 94K
TR AR TIRNRSBE . BHT#HEN AN,
y-AlOs 1E i T IZHTH AN EFLE 1 o-AlLOs I 5
W& @iir, L& Pd. Rh S8 %460 7 Fa € (1

Chemical industry 7% Automotive industry 37%

Electronics 3%
Glass 4%\
Jewelry 2&-!

Petroleum 3%
Investment 10%

Others 7%
harmacy 3%

Bl 5 2019 EAERETH T 4038 5 A 15 0

Fig.5 Distribution of global platinum consumption in 2019

Jewelry 1.3%
Chemical industry 4.6% Others 1.8%

Electronics 7.2%
Dentistry 2.9%&

Automotive industry 82.2%

Bl 6 2019 A= AR 9 S 40 A 5 L
Fig.6 Distribution of global palladium consumption in 2019

PdO. Rh,03, IX %L 5 HOM %/ 25 AR AL 1) 32 2 [H
F, T B AR AT TR R DL R AR
BIE T 2R S B 5 AE, w59 86 1 iy
12 VBRI # AR H
2.1 BMEARE®

AR AR R B AR R IOARF, w5 AR
PR BRI AR 2 KK BRIESEALIR Y
JF P BT Pty Pd. Rh ZE R VE UL A4 & L] 1R
€ PtClg”s PdCl,>. RNhCI&4 &9, WAL Efk -
VIR T JE R 8 A7 AE KR 5 Tl e SR A3t Ji i )
JedT Pty Pd. Rh 7EBR I CN 1A & S A0 A s 1)
Pt(CN),>. Pd(CN),*. Rh(CN)Z % &4, #iE. £:. 43
G & R EA AR, SEIL PGMs B[] 43 5 .
2.1.1 AW R B AR

— M7 HCl R &2+ I HNO;z. Cl,» NaClO.
NaClOs. H,0, Z 5% b7, 4 )& Pt. Pd. Rh %1k
JER% PtClg®. PACl,> . RhCl¥ 4% & Wik NV, Sl
A R BT A B . AR A R B A AR R
SRAYHAEH . BHBREHREL. HMNhr A
0 B AR AT 2 T R S5 R R 2 i, S 80 PGMs 132
HR FEAIK, SAC TN 2 K 5k iz i, XF T2 5 PGMs
RIHREREE,
(1) A E R IR

29 i 5 B F HCI-H,S0,-NaClOs 118 ik %,
¥ SAC BEZERIF <74 um(200 H), 7EWME LK 5:1.
95 ‘C/ M 2 h % E T, Pt. Pd. Rh HI3 HI 25 ik
7] 99%. 97%AI 85%. %7 B %Il SAC LR A
NERE, ERRIE A & T Pty Pdy Rh 13 H 235
5|1k % 63.88%. 16.92%7F1 15.00%, PGMs # &1k & 5
HOR R R E R . Kim U025 1 3 1 44 A S
JIEE P fige i 2% S0, FH TR SAC H1i) PGMs, Pt. Rh
2R AR, 1% 2T bR USR8 A e
ORI 2 A RR AR, B AU BNR i

Nogueira 251438 L 78 HCI /i 5 o BL Cu? 1 R
b2 H SAC W) PGMs, Ff:%F Pd. Rh 3% H 34T
TS558, 1E HCI N 6 mol/L. Cu®*4 0.3 mol/L.
80 C/M4h %1, Pd. RhiZH #4551 95%.
86% , 2 & B Mg Ak BE 4> A M (60.144.1)
(44.347.3) kd/mol, & i FEZ A% R FEH] . Wei
25805 SAC Bf S HEAT T 4T R GO R AL, UL B
SAC kML, FE SSRGS LL HL0, 1B MR
W, PGMs [ 32 thRIEH] 93.42%. ] 25 %10
TR I, SAC HBE 1) A1 HE ARG o R B 48 9
BEAY, = R R 24 2 i, E,=66.719 kd/mol,
FEEWME R H A CIi M558 0.779.
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0.296, &1 H ) J1 20k Fu 6 Tolk SE B A — 2 11
L '
(2) ML FRAL 23R 1 95

A TR 0 A P O 2R T 25 AR B R AL
o} IR 4 R RS B — R R g, PHAS IR R R 4
JERLF A, T FR RS RIR A [FIRD, VE MR
Xt PtCle™ s PACI” . RhClg® 4% & 1 B AT 5 i i W B 1
. AN VEWRY Pt Py Rh R B3k,
SRS 4 R R AR .

F R4 SAC 7E 600 ‘CAEEE 0.5 h JEAT 6%
Bt , KA NaHB, &R 54 )&, w4 Pt Pd. Rh i)
12 H 0 B B 5% 6.6% 11 6%, 1A F 97.6%-. 98.22%
1 89.46% . [ i A1 9IRE 51 T 0,4 H,. CO TikbHE SCA
X RhIZ H R P52, ARG e Oy AL R TH AL A
M4, FE#EAN Hyw CO ¥ RhO BJE AT, Rh 3R
H ] i 56%3% 5 5 82%. SAC £ O, il H,P0Mal gl
H P iAb B 5, F HCI 4K & T Pt. Pd. Rh &L
H R B IA B 95% L b . 7SS PAVE A 5 T L R A
HTEX PGMs B H R Zm, JFEARN 1:1 1
NaHSO, 7£ 300 ‘C%%4%¢ 3 h, HCI 4k & 4% 47 1.0~1.2 V.
95 CHMIZH 8 h, B HERN 49.30%, PGMs izt
FHRT 95%.

(3) HApthagfbmteiz it T2

2P XU NS A& R AR R
AR TR B I 4 R R, B A B
HEE IR I AR B %N 59.4%, Pty Pd. Rh
12 H A5 91.20%. 97.42%. 71.99%; 12 HE &
i dab ¥R - 7K 92 43 Bl A 0 - — R BR PR AR L Pty Pd.
Rh ({32 H Z 43 513 1 1) 98.12%- 99.33%. 90.79%, “X{
BiE R R ERmERERE, JUHE Rh MR HE
$27E 7 18.80%. Suorantal®7E %5 125 ge b SR KAE
Rz A, 7E 15 min NN E 150~210 C I LR
10 min, Pt. Pd. Rh 3= HZZTE 90%LL I, =
o Pt. Pd. Rh & &% %14 113, 23.3. 135 g/t, i
VERIE i #R, IR A R R A B T R ) i A
SERY S G TP IRV 2, 1 A [ Y e T AR
AR O NI TE], A AR R AR AR R AR
(TR
212 AWM ARsBHHEEARE LD

H 1887 £ X H AWM A HiZ 42 5, FL
A BR U — B 5 SR AT . AT
SRRV R S R A E R T, U4 & I R
4., TR TI¥ A E R Au(CN), + Ag(CN), .
RS TR TR 2, MR ER, TR
PR VERT . RLFEA A B AT A, S8R

AT N ZE B, HotmioET o amik it &),
BAE R R & B R AL T2 07k Tk A", SAC
B AR R e A5 IS0 YR, o) A R R R
VIR N B —, RIFEAARTIHFENR L LR, £5
R A AT AR Y PGMs, TR A R EAL
F N

[Pt(CN),]*+2e'=Pt+4CN’ ¢’=0.09 V (D

[PA(CN),]*+2e'=Pd+4CN" p’=-040V (2)

[Rh(CN)g]*+3e'=Rh+6CN" (3)

20 14 90 FAX, HAMERZ KT SAC il
FALIZ Y PGMs (RGBS, SR & RIR R AR
7 T RO B A A R B ) L g R 62T
WEIT 7 (AL T ) UL B AN Ak 25 #E X P, Py Rh R H
R, AL TR 74 um 5 90%. VR HL Ry 4:1.
B FH 2 10%. 1HE & R B JE 2.0 MPa. FI4f% 4 & 1.0
MPa. 160 ‘C1Ei# 2 h B4 25 A T AT 2R iR FiAk
H, JHBREARIRERG. WEEAEYR, TR
XA E BEE, 1 kg 20525 Pt. Pd. Rh %
AR5 H 243 B AT % 98%. 99%. 96%. Naghavi 25 A\ 1%
I T AlLOs/Pt JR AL FITE =48 & T /KF F & Ak
BB A, B Pt AT CNC R 2082 oA 3.62
A1 0.192, E,=39.54 kl/mol, FALILFEZRIM SR
VgL

HT R AR, AR BEPEERS %24
Beik . Shin Z5PLR i 4 A4 R EALYD, W AT
ik 6594.5 mg/L, FEMEAAPRIEE/NT 150 pm. AP
{6 1000 mg/L. 150 C FmEFARH, Pt. Pd
Rh 32 H R 73 HiliE F] 92.1%. 99.5%A1 96.5%. Karim %%
N0V 3 7 3 i B A R TR AL P SAC, 5 I 40 B AL
2 PGMs #i 1.2, KA 7GR A M ETE pH=9. ¥
WL 1% 54 F AT A2 E AL, Pty Pd #1 Rh [#)3%
HR N 38%. 44%7F1 91%, K B8 ZE AT B AR
A Pty Pd Al Rh (192 H 2535l 35%. 41%7F1 82%.
AR L 2R 1 SAC F1(¥) PGMs, 12 Hi % Bl b T
NaCN &, H AT STk &R ALIZ H PGMs #2
BT —ANF AT I .

z: ERTR, BALEAL T E A N SAC ik £k
B2 PGMs, JEEA TZMEE . YrhE MR, =7
HH YRR 53 AR R T B A 35 H =i (160 °C) 1% (2.0 MPa)
o R 2 WUAGEN, FEE KSR, #AAX PMGs
MAEMESEEHEAR S Z L2ERR, &5
AR EE 7 AR ) R, R R Lol A i 25 A
2.2 BAMHEEMZREE

AlL,O3 Jy 1 M9 i AT LA T 58 R B8 B, y-AlLO3
T P i A 70 T DL 3o T R R AL IR Y B R e T
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2P EEA, e R E EER LA R AR

Wit ¥ H A (2MgO 2A1,04 5Si0, 5 2Fe0 2Al,0; -

5Si0,) # A 1P b AR, R T B T B
AT AR 58, IR 0 IR e PTIAE T B T
EEOYARAT B, AR TR R
Yk, @I BEA. 4 PGMs, [FIRBEWEIT
TR N PGMSs Bk () £, 55 .

22.1 mMAERMAREM I

EI S BV Si0,. AlOgy Fe,03 Ay 3 3 i 43 1)
St B KR BERL, R Na,COs ke T2, £ K
A 1:0.4 5% 1:0.6. 900 CH5HE 2 h, KA FHEIL A
AIRREHIE AT (NaAlISiO,), HARMEZET T KA 25%
BRI, BN 8.8%, R&BAERIA M EHE.
1= R B35 %81 A 2 6% - RV T 20 SAC AT ISR e
£, MALEAMET (BELEL 0.8 I 800 C . f% ket [a]
2h) FERE-TRVE S, fEALT AR E 90.0%, R4ER
BT 10 5, S RIAH 1.42%., FERNUTF:
2Si0,+Al,05+Na,C0O5;=Na,0 Al,0; 25i0,+C0O,  (4)
Na,O Al,0; 2Si0,+4H,50,+(2n-4)H,0=2Na"+2AI**+4S0,% +
2(Si0, H,0) (5)

T IS B 0t o AR R RS, SR
F 5% HF 7F 80 ‘C T ALEE 2 h, fii 8 5 47 AR M e AR
N MgAIF; 4.5H,0, Zid#4 17.59%(¥) Pd il 18.95%
1] Rh ¥ fif, RHBEETSH 850 CHike 2 h,
MgAIFs 4.5H,0 #45° MgF, fll AlgSi 03, 1 1
300 g/L NaOH 7E 210 ‘C. L/S=8/1 %1 FIJEwiZ ,
AlgSi,0q T B AT ¥ T () NaAlO,. Na,SiOs, 14 )&
B B AEAERR T, Pty Pd. Rh B4R 4 A F
310%. 242%. 240%.

Trinh 250853 5 NaOH B 14 55 e -1 35 1 2%t
SAC 1 PGMs. Ce. Al. Mg Z4 o &K itr ke, 1F
NaOH 545 R &t 1:1. 600 ‘CHE%ke 30 min, #
FR p-AlLO5 WIAHTE AT ¢, R beid 7252 9wz il 5%
M, Eagoasting=6-4 kJ/mol, 1%t 2 32 B R A4 W1 K J i «
Al;Mg,Sis0:5+Al,03+16NaOH=6NaAlO,+2Na,MgSiO 4+
3Na,Si0z+8H,0 (6)
KB E H,SO, W EE A 1.0 mol/L, 90 ‘CiZi 1 h,
Mg. Al [132 R ¥ KT 95%, Al 193 H 32 IR & 15
Ea(Al-leaching=20.3 kd/mol, Mg [ 5 4 B 4% il o
EaMg-leaching=8.9 kd/mol, T L FE¥E ) PGMs (Pt
T E=6%, Pd. Rh & & KT 23%) RHEMmERR, o
100% & SEAEBIR 8RB B e WA A -IRIR A
B AL Mg, Ce S5%J5, & ARSI H 7 Bk
# Pt. Pd. Rh, sSEIl T SAC &t & EIL.

222 MEIERMAREM B T L

O B e DX AR e ks e #i oy 20, AT DA M
WA NSRBI, 7R e S WA P AR
TGRS Y RIS, 3 2 R A 2 RN R A 508 R 3%
AT AR, R P O [R) 7= AR N ) S SR 4l i AL
B, JERTE RO P ROR A R AR B R L BR L R
BERTT, AR T ISR AR T, BN SO A, R
WAEFE, WER IR AR,

W 2 R S TSV o A L 1) P R ) 2 U ) A
K PO s e RV EAT W) AH EE AL, WIS T A 45
TERRKBEIR, ORI I H LK ERL, Rh 337850
%, 75 600 Chrke 1 h AI{EEEM0R H 2k 5] 99.79%.
Wang 2017 MO N4 7E 773 K 58 SAC 1 h, Al A
Pd. Rh /i 2 0 Z 2 & F] 99.74%F1 94.79%. Chen
26 LR F ol T AR VR A T Mo R b PR AR AR ) T
S, ML IET Pd. Rh (IR B3R 5 ik 2
99.33%. 95.48%. Spooren ZM2LLf I, VRN
NaClO; 1 NaHSO,4 H,0 X} SAC #EAT iRk K5 le, ff
B B LAY B R £, R R T TE Bt B B
IR 1 mol/L MR H, Pty Pd IR H 345>
3% 3 (8545)%. (961)%, Rh ¥& Hi %>96%.

TR s e ) AH B R SR BIR . BRI R 35 R
TRt R H . FRARRERE . FRmACE, M &AL
HIE A T A EERET N, $EmFE 5 A HE = R
IR 86 A2 B it R TP AT (1 25 B A 4 .

3 NEEEIZ

TR VR KE NS I B SR B i R B U
KA, R PRGNS R 7], 7wl N R AR
2 A ER AL S OB, A [ o A (R 1R 453 P A
A, B B . B RERESEE MY R
fREhiad, e R EEESBMHEGM. KETZA
BYRLERFEE . LERAERE R, hEAE . B
JEAK AR s, (HFFEAEAERERE A B K. BA
Al i Ak B R A S . KR T2 R iR A
RGBT, SRS L. B . BN E.
3.1 KEFESWELZE

KGR D T 50 & J B A e 0 i 4
PEEATE B 5 ¥ R &AL, MRAE 51 % 48 5 A H A
TRFRER BT RE R SLB) g 5 R AR BURAG RR E PE
ZES, SEDLTE A B A o B B R AR S SR
(NaCl. KCI. CaCly)7e s34, B #h/KIZ M 15
JE BT, EARERE A R B A& Cl, Bt coMME
PGMs &4k, Pt i T 4 Rf &AL SR SE L PGMs &
W R, A ERIE BN E & PGMs 5t -
FE AL B FE AR AN SiO M AT {1 45 [# %2 9 CaSiOs, fig
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% 2 2 B2 5 Pd B4 R L (9345)%.  JKIEFEAAE R IE
A TZRE . SRR LA, (H iR &5t 1%
e R . RS A FIEAEOER) T ERXR
BIRKRY . ZTERENE 7 Fis.

3.2 E£RBWER

& B I AR R AE R AR IR AE N = iR I A7)
& B PGMs, #HMAHTIERE, FHE&RESEEME
R 2 RS B E . EAN IR BRI A K Z
K ki E 4 PGMs, fitb AR Umicore 5% I 44 12
Wil £ . 3% E Multimetcolne HLIRPIA AR . H A
rh FH AN 9 [F Jonson-Matthey 46 55 744 5 1 ik fif 4 45 45 .
321 A%

W E R SRR R EAT LR R A r sk
F, WK PR 1 Bt 4 R A R AN AR AE FH AR U
o, BRSO R Aus Ag. Pt AT Pd ) R}
KAE N R A B — MRAE B B IO R AT, K AR
7 (Cus CuO. CuCO, LRI iR S5 Skl 5 Pk fiE
7. W) (Si0,. CaO. FAAb%) FIEER K 74
RE, fEmEmim NEFEBHEARE S RERINEEGEM
IS, BARRFEQE 8 B .

F R Umicore 19 Hoboken T.J SV 5t - i
KR &8 mORE R 2 —, T8, B KB %
AT &8, K LB H I R0 35 U R B e A T2,
Qb FR TNV R . HL - ZR AR R AR A IR,
M BHAR e H E1 Ag. Aus Pty Pd. Rh. Ir. Ru %
TR EE, UG ERWCE M TR 17 M 2.

BE 6P KOVE B MR B Al A2 PGMs i FR B B
Kolliopoulos 25104 i 3 ' (1450~1600 C) “jiFig”
Fepirg 2 Mot mmENE, BT E PGMs 1)
OB 4 VR, T2 R B PGMs 1) Cu-PGMs & 4,
TURE B3 1 R0k BV AR s [ PGMs R K
FEE G EIATIOR, 5 R A S TE R
JEFBN TR 2, LR E R Pt 22 @ YUk

;/ Spent catalysts power | NaCl or CaCl, \\

500°C"| Closed low temperature chlorination }(_(.hm’conl and Cl,

Added Cl,
Pkl

High temperature volatilization of
PGMs

600~1200T=

!
Absorb chloride vapor

\ PGMs solution
\\* —

K7 SAERTZRER

Fig.7 Flow sheet of recovery of PGMs by chlorination

Chlorinated slag

treatments

/" Spentcatalysts + CuorCuO + CaO and FeO,  Coke powder \‘\
/ [ I I | \

| Arc furnace or electric furnace ‘

1350~1400 C = Melting

Collection
efficiency=97% Cu-PGMs allo

PGMs grade 18 g/t
PR LN A

Slag

H [ Electrolysis ] :
: 1 i 1 :
i | Oxidation leaching : Copper anode slime

i 5 Relining PGMs |
/

[ Pulverization }

: 1 P
|\ : Residue riched PGMsi— ‘

‘.\ ,,/

— -

Bl 8 K i 4 42 ot s it AR
Fig.8 Flow sheet of copper capture of PGMs by pyrometallurgy

1 75 (88%) 4 A 1 4 , Pd A1 Rh /& 2 ik 2 6 v 1R 4
I LAY 72 54 32 (66%Pd . 57%Rh). Benson 2714
%} Johson-Matthey T. 254 . ki £ 41 1 & J@ L A2 H8 1
PMGs BikikiFE£E 1~20 nm, 75 BARSE I MR AE A A2 48
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Research Progress on Recovery of Platinum Group Metals from Spent
Automotive Catalysts Supported on Cordierite

Zhang Fuyuan®, Lu Sujun?
(1. School of Metallurgical Engineering, Anhui University of Technology, Ma’anshan 243032, China)
(2. State Key Laboratory of Nickel and Cobalt Resources Comprehensive Utilization, Jinchang 737100, China)

Abstract: In this review, the resource reserve, consumption and supply distribution and secondary resource recovery of PGMs were
discussed in detail, and the process of recovering PGMs from spent automotive catalysts with cordierite-based honeycomb monolith
morphology was focused. Hydrometallurgical process mainly includes direct dissolution of valuable components and supporter dissolved to
enrichment PGMs, and the pretreatment of spent automobile catalyst is the key factor in improving the leaching efficiency of PGMs. Some
hydrometallurgical process have the benefits such as flexible production process, low cost, high PGMs recovery efficiency, and wide apply,
but their disadvantages of hazardous waste must be carefully evaluated. Pyrometallurgical process includes efficient chloride salt
extraction of PGMs and metal capture enrichment PGMs, the collector include copper, lead, iron and matte, and the technology has the
advantages of simplified process, highly enrichment efficiency and easily scale production. The advantages and disadvantages of various
process were summarized. Based on the environmental pollution, high energy consumption and low recovery of PGMs, a new approach for
recovery of platinum group metals in spent automotive catalysts by a cost-effective, low temperature, environment friendly and
pollution-free capture technology via Bismuth was proposed , and a new direction for efficient enrichment of PGMs from spent automobile
catalysts was provided.
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