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Abstract : The shortage of platinum resources in China is serious. Platinum is indispensable in chemical industry,
petroleum refining, automobile exhaust treatment and other industries. The primary platinum ore reserves are
limited, mining is difficult, mining and smelting energy consumption is high, the cost is high, and it is also
easy to cause environmental problems such as surface subsidence, vegetation deterioration, waste residue and
wastewater pollution in the mining area. The waste platinum catalyst contains a large amount of platinum and can be
reused after recovery. Economically, the recovery of platinum group metals can reduce the dependence on primary
platinum ore, and the cost is low and the enterprise benefit is high; In terms of environment, avoiding excessive
resource demand and environmental damage, reducing waste discharge, complying with the concept of resource

recycling and environmental protection, which is conducive to China's sustainable development. The methods of
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recovering platinum from platinum group secondary resources were introduced, with emphasis on the leaching

and platinum enrichment processes and the corresponding advantages and disadvantages, as well as the current

mainstream recovery methods and the prospect of platinum recovery in the future.

Key words : platinum group metals; separation technology; waste catalyst; pretreatment

% 4 )8 (PGM) & 741 1 5t &8, 4541 (Po).
1 (Pd). #(Rh), (1), #(Os) Fl(Ru) . PGMHf
PESE R T, A el v | fhsp b b | R e o | R
TEE WS L RS PGM pg Atk 08 R, H T
REH M, R EIT A, KRR RIS
PO S ik 22 JEm M, Tz T TR IR R
SAEAF . ERR R, PGM &) 2, |
RIR PGM U5 1 L 25 F7 A2 AN D [

Mo 5E PR R BRI R D, AR AN S), R A
FERGAE A H A A5 AR A, At Ml X
FPCME & RARE BB EHSZ —, A, X
R PRI, MGC R S HMOT RS, B S
ik &9, ik . mpibd)  mib ) . & a5, XFE
AL A IFR R PG, 7207 1 v LRI 7™ 40 1 4 B
A M 7 2 B PGML T8 B 7 i 3 Ik, vk A
2~10 g/t, B & S AL W A TS FEBR L, XK A7
M F R R R, RO 3, PR R T
PGM [ IO BE, 52 T PGM I =&, B T 0 A
AN EE VT SR PRI 1) [ 0, — 6 R0 5 119 1 IR AL 76 BUYR
AFE K, 225 1) PGM B4R (1 7= 4

o F PGM % i 4 i, FL7EfL T, 54 R
SAEAH B BRI A FIRORE | SRR L | B
il 25 L K2 bR S 2 AU A 2 2 R, I A TR
Mk, XF PGM T R BB & . AR
SR R PGM ) i 38 B 98 5o A R B | TR
i /b FF R BOAS AR R L BOIE PR 24 22 0 T I ),
TEASRE T R AN AU PGM 155K . LA, Bl
K2 1) T PGM R RN HERL, PGM Y — YK %% I 1]
W e e 52 3 AT A, R IR IR PGM Y
HERE L,

TG IR R M BURAE Y A [ T2
T PGM %5 M B/ A 48 0 B R B IRIR 9%, 78 Ml i)
TR, & PGM Y R R A R AR I
BHLEN . B IEMER T . BT PGM E AL B
R TR AR VR 4 AR 1 Y A R Rt R
) PGM IR, 3R R 5 v PGM Y ¥k Ji2 I i
KRG Wy, e B PGM Yk 5 8 [l i Sk 95, Herp
JEAEAL R T PGM [ R B =, 6 Pefd) DI 7 Pt

S ICRE 1 60 04, PSR RIF 5 I A4 A 700 1) [ e % P L)
Fe PGM (#)-F5 A R FH#B BAT R RS

AR EZ A AR AR M PGM Y T2 e,
0 ot A B ORS MR R L B 2L =40, 3 IR IR
LA P T2 sk T B PGM W WL K B 1 52
ek ORI B R ) o B AL Y T ik . PR LA
e | E e L BIA B A D i, PGM R oA E e
AL S LB S B R E AR LR AR
Xt KU il 1 A AR AR B R it . 0 S Al
W, BT A DIVE LSS, A ARG, SR T
B m] $ T S N B 5 BICR e AE VA9 T R
g mALE S T ik, AR AR R T T
A5 IMDSCEA B e P B2 B 7R OC P4 28 L By ) PGM 45 o]
WA o T T AR P B < R el T 2 A

B A
y
Hiaha
A 4
T
St e o
Sk L LRk
SR RS AL A
Sa R

1 EUFPEEEERNKIZRER
Fig. 1 Process flow chart of platinum group metal recovery

in catalyst
1 MAEACH] P 2RI 4h ik & B 0 o7 &

FIRT M A AL 57 [l 4 i, 20 LAk 3
AT R = 72 JGE T 2, e &l
KB S TR T Rk R 25 24 I, T URUE SHRAL 5 9
MR il A5 T iR St e R R AR BB R AR, Z 5 A
FRR M T i T4 JE A b A s Al 1



2025 455 2 #

17 .4 J&/ QR &6 43 (https://mete.cbpt.cnki.net/) e 37 -

MBI T, i be 55 0y ik AT UL B, B e S
R J00, SR I 38 2k R AN Ak 2 BN, DA AR R R
HUGE g, BB EEWE N KHRS, iR R
Hh G JE Lo R B, PR G 3E 1Y A B A T s WL
A UTTE AR B T30 3 45 7 1, iR B4 JE RS R 1
H.
1.1 RLEBESNEEEHEERE

AL 7R 9 350 A i BRI Ak 2 B O A TR AL
Yrs b, 2 B I AR 4 R R E, TR
AR AR . fh2F T, A7 78 16 1 4L 4 A
AR R ) R, 3 P 4 A 2 ) R
A R, ARG 4 TR A A B AL L BRAL, R
B AN E B y-ALO, 2 5548 R a-ALO;,
a-ALO AN T BRI, 50 J5 82 12 it .

BEXF 13 ), 5 2R BOR [A] AL B T 254 v
BV 4 JE B R B A A B | SEAR T B L B IR AL T
B IR JEREE R Re R | LR AR IR E 5 R
HIE 4 TR B Y

KRR AN T F BrAL i & i T be sl M L i
EMER ., BUTREERE T2 & B MHEE . &
I T A R AT . SRR IR T2 A DLk
FHASFh ZUCHEUR I R M 2 e AR AR T L A
Ao MJFEF R R ARBTG5 5 R AR
SRR T2 MR . B ISR B R BUA AR R AR | L
R AR PRI AR o R AR T U o PR,
X 5 vk AT AR 25 5 38 N Tolb RASE , FLAT B4 11y
Tolk 5.
1.2 BERIEEERE
1.2.1 &b

BV 4 T Al S PR TR R L5 R R A0 M L %
HUA 7E 3 S A R R 25 8 8 AT LA . el iy ik
S R K AE ARG A T il 0 e 4 0 (A5 0 e
SESEE TS B, WHARR T, TKE
TR AR R AN R 4 A, Ferh A R R R SR, A
BB & R 4 B B, AR IR S AR, 1B
Sl EK IR . — AL A LTV E, TR
R H At 370 BB T K I 4 )

T/ ER R R TR R A SR A S 4%
B, S A R A A AR B R R I S,
AICl;, NaCl, CaCl,, MgCl, fMINH,C1, 4 1k %
SEE R, PR A AICL 4 F R B AN BB 5t
SAEE T, AR SRS AN, AS
AN AN G B 5, Il PGM 43 25 4 Ak A5 B o 5%

B o SALENE S B A E ISP R R R U R R
VE ALY R E . YAKOUMIS 469 56T & #3711
HCl—NaCl—H,O, il & T — Fki il 15 PGM — 25 7
o7k R G, PURICE S 100%, Pdj= % 92%,
Rh™= 30 61% iz B 258 i o A AR R 2 0],
3 mol/L HCI. 4.5 mol/L NaCl#11% H,O,7£ 70 C
(9 45 F R, 78 5 1 e (S/L=700 g/L) (i &,
TR BOL B b i AR R BT W WA WS
T EL A R A R RV A, AT SR R R 1
ol AR T S m A E . A FH b
MgCl, fI NH,CIE F & B F Ry #h e 7], PAIVA 4511
1B 5% 05 B DAl HCL W S H 5 MgCL fit NH,CL )
44, 1 H HO, 7 iy AL R Tl i &4 Ak
Mo FERAEZMT, S AR AEHCI S 90 % L
Ry PR, RN E] A 10~15 min, A T #% Pd
PRI ALT5 Y, B4R 2 7E 1 mol/L HCL,
1 mol/L NH,CI 11 mol/L H,0, 25 ‘CHIIE& Y TR
H2h, #2105 KR B4 BRI )

R1 EARERSREERME

Table 1 The components and their substitutes in aqua regia

[irgés Ak AL

HCl HNO, HCI
HNO, H,0, AICL,
H.SO, NaClO NaCl
CH,0, NaClO, CaCl,
C.H,0, MgCl,
HCIO, NH,CI

R 0 ff FH R R IR IR $ L LB - Ah, A Ak
T R R 1l 3 A DL R AR o BRI, 4R LR M A5 o
PAIVA Z5E " FHIMAHMOUD U F5E T 8 e NaClAF
£ T HSO U HCHY B L . De ABERASTURIZ
i T Mk B 9 H,S0,(18 mol/L), HCI(12 mol/L)
FIH,OA5. 5 vol X)) IR & . De ABERASTURIZ '
KT — ik £ 1 A HLIR (b7 B i CoHO, 1 4 TR
C.HLO,) #H BB /KW, 5 A A 455, WEIR
A AL ) Pl W PRI P, A CoHO, FiTCLH,0,
W D T R R T RE Y [ B A AR AR TR Y R
DEMARCO %57 R 1 #7468 2 78 I 75 4 i 1k 51
[ PGM 5 T8 A 0 34 33 b J7 i 08/ 1 %k 3
FH T 1 28 [0S % T8 ol 1 DA R JS ok M R A AR .
6 mol/L HC1.33 g/L .20 vol% C:HO, 32 H &1 F,
Pt Pd By R34 1 5 90 %0 .

T K P A R AR I R T 5 LA R
A, WAL R 32 L B I 5 i 2 T A 4Lk 7], Hrp



+ 38 - A48 QR4 (https://mete.cbpt.cnki.net/)

2025 4F5 2 1

B 2 H.0,, BL & NaClO ., NaClO, %5 & S A 1k
F, A AR A S P A I S . TLYAS &0
WFFE T M 28 3 A A 6 3R = iR PoRT P, i
10 mol/L HCI, PGM W ¥ i 1 i m Al 35 61 %0,
06 H.0, 5] AR GEE, Pd B 14 90 %, Prialig
ik 8l% . AL ZM T, 90% M PeAT94% 1 Pd
IR B HCHAR . HARJANTO 22 #5854
i J AL 3R E AR S R AR BCPGML, % HCLL, NaClO
FHLO, B IR AN MR G4, 7265 'C N 3 he il
T AN [ V5 YT A 0 1 5 W R B Al PGML 1) 42 B
R, PGM I ALV M 45 10 2 4 0 el AR B4 2503 0
NaClO, 5 mol/L HCIHMAF 4% 1% H.O, 24 i1
REW. Pt PAFIRh A B2 5018 88 % . 99 % il
77% o NaClO, fE N &R #h 2 —Fh b H 1 HLO, ]
e s Y AT, RSN E B, TS
PGMIEIRE Y . GATTAZ R HE YR T
2, AR R FI NaClO; I —Fh K48 BT SAC MR
H#EHUPt, Pd 1 Rh,
1.2.2 &Aiewiz

PGM 7E R MR W T 5 5 0 TR JC R TE UL & 0
AB TR WK EITR, PGM—DL +2. +3.,
AR M S TR, EEERER S, Pr(l)
FPLIV) 43 50 JE B EC 157 50k 4 Fn 6 1) [ PtCL 1 il
[ PtCls 1% 40 LL +2 71 +4 B T2 L[ PACL, |2 A
[ PdCls J* 5 Rhigeka e i A LA +3, I8 BB 17 54
610 [ RhCl 18,

ILYAS S W2 F 58 T8 % B 45 Fh I &
X PGM 2 HH 80 52 R, 45 H 38 28 B ARG P A7 457
BamCL R BT LAt — PR E R R AR AR SR
R, HO, 384k B 5 5 NHL.CLULTE, %
IKF90 % iy Pt RIS AN 94 Y0 1) Pd M1

ATIA S5 HLO, 1R 8 HNO, 7 Ry S Ak 7
I TR A AR R v 1A T O i B S AR 2 PGML,
T HLO, 8 AL E R, 15 PGM JE L4 & W1 is il AR 1%
Wb, 2R3 Po PARYIR 25 5128 98 %6 #1194 %,
1.2.3 #feyy B H At o T R 2

i FHH A 0 2 B R 1 PGM, AR LA
WHOGE, AR A R EW, PGM Fefa e it & 4 2
HLIERK .. SER T PGM N Pith, & ik e
M=, B P, B8 B SO R & 9 P, X
P T A AL F AR5 B . ZANTANI %5008 T
FULDA P 7 S A AL R v B B P R 5 PR 2, AR |
pH I & EE i 42 8 A B T OdiiR . MENG 2611

TR T — 7 s, 385 A S A B R R T
i PGM, TEEAE 551, W LA 95 %6 /Y PLAN
Pd. BARXTPGM Il iy B 5% 32 22 4 Th 7E Pt PA I
Rh ¥ [E_E, Ru Ir F1 Os B3R E R D, PATEL 451
T UCGE i X R I 7E NaCl, NaBr s KK % 80P i 7%
Ru b RE L, PRFE T AR AR L b o 91 Ru 7
Tk MATTEE—2 I A T A KT 14 A 2 1 il
ARA Y v (Bl P AR, MRS BB PR A ]
PGM 1Y I #8535 99 0 .

HEALKEWALL, FHoAh pd REG kA W WA
o BSE, PGMZEBr M MWW h i i 2h ) 2
Fet0 U e R P O] R ST R I T A TR A B
UL 0, B L R Br, 5 ¥ 4, SE MR IS R . A,
T FH L W 12 A R v 5 A B 2 S0 O, 1 T3
TG PR A A AR IR R 5 8 BUTE T 1 9 LU
A, BEAG T SEBR B4R E RS o
1.2.4 F ez

b T ARG 4 Tk — B 22 HE W IE RS &Y
B PGM il 4 . HALANAEAE 51 N e 5 PGM B
BURR A WAL 45 5, DRI e FE AR B S5 R R
PGM iy AL HE, FALY 5 PGM [ SO i F

2Pt+8NaCN-+0,+2H,0—>2Na, [ Pt(CN), ]+

4NaOH (1)
2Pd+8NaCN+0,+2H,0 > 2Na,[ PA(CN), [+

4NaOH (2)
4Rh+24NaCN+30,+6H,0—>4Na,[ Rh(CN), [+

12NaOH (3)
AL EE 5y o3 e A, ROSLINR
CN-+H,0—>HCN+OH - (4)
2HCN+0O,+2H,0—>2NH,+2CO0, (5)

SR IA 2, FAL AR SR I PGM I 1) BR il A
FAE RN AT A T A T R L A T N 5 11 1k 2
i, SRR IR R T 508 AL S AR, R
TN, P, HE Y P ECPGM 75 2 A iR
B N AT, BB R PA>Pr>Rh, fE X it
R SIE A F77W, XR mAL YR T TS
JEA

HUANG &2 W58 17 AR 7R R 3505 4 4
PR3 v R IR R AR AR BRSNS R R
M) 4 J ¥ 1 2R 0 45 b IR 3R 2 SR I, VR 4 v A
L EE AR A R B 98 %6, 9900 96 %, H
2 T2t By A 28 7R 2 A5 A 7R 1% A

SHAMS % 0 fifi A0 35 Hh ok DA 3k 48 1k 2



2025 455 2 #

4 JE QR HH 4 (https://mete.cbpt.cnki.net/) + 39 -

P05 0 S AR b LS SRS R R AR R 4
A YW S B S AR b R B 2 A R A I A
800~850 Ty & A A T MR be, 45 RKH],
FE R ) A7 AE X AL P 12 A R e i 1 TR0 AT AN R
SO AR SR R 2O AR T B A R AT R

FAAE N — PR S HR, WA THT
[l 5t 4, 4G PGM R4, [mISCR 5 HL T 25y 3
TR T AL - AR P 5 — R SRR S B PGM
(0 F T 2, AR T h S 2 g 7, T B R
200 2 15 v R = R SO A A, DA R — e Ak
YERL, 5 YT . TR, % 58 IR 06 4 UL W 4%
B R AR EFEG YRS T2, £k
& T 2000 B Wpoxt A= Ak i R TR PG ML
B
1.2.5 AWkiEn

FEA R b U B AR T A i1k
FIh L 4 )8 . 5HALE BEARM L, % T2 AR
A AR S R kA WA B
Be(— LWL ) sl L . fE— 2T
) T, KA R R X R 4R
WA IR I A . AR (B ) T2, K
FRAEIR 2 AT, BRIV A R AR A [R]— 25 4 ik
1o R B T B B & A e A i B 55 5 G
1k & AR AR 1 I A M B 3R 38 vh o

MALEKIAN %19 FI] ] 28 i 85 7= A= 50 8 15 Y ik
AR B P, Horb ki A7 1T (=20 L)
B 422 CF A A pH 45 ) 1Y 2 35 5 HE AR i th ad 7R
7E pH FE il R v, BCRR 4 7 A B P RN AR .
FE& MR pH=0.5. £ R HIRE 70 C, 4Pt
[l 58 2y 37 %6 o 3t U HNO, i I HCLI, i %%
pH, S PtRIMCRIZE RN 41 %, AR TZAET
AP RS b7z T RN, V AT Mo %542 )& , fH PGM
LS B SRAFE I S . ARG T A T, R
H PGM I PR M g, S A0 5 i i 198 55 Ak 24 1059
SN ZE A ARG IR AN, 7R R IR R T R R aE A AR
1R, AR EEY A, S AESAB R RN, E
SRR ARG R B, A ) B A T
[B], F&A- G RAERS S, 2 TR AR . T LA
W BT T B R PR A AR, — S AR
Tk AR O A B,
1.3 PGMHH B4
1.3.1 Vg

IR 4 B I DT 12— M3 e 4 (B L 4

B LET VK HRD) M T B R SRR 6 s 1 k2
D5 95 o 8k 1)V TR I R R AT R (A Y 4
J& Y BV MR I DTE ), R4l I 2 it DR L DRV
T BB SRR, B AR B BN Sl B TR 4 TR B
HALB Y & WA TOTE 7 kA KR UOE R mifk
R TRr N7 E R TR AR - RN /] 85511 BT R 7 RN S 1
PEL ORI R TTTE L

UUVE Ly B AN 4 Jm , BEBE R AT, $RAEfT 58, 1
FEORMC, LREH T A= G R, AT IL
SRR, FEAERE b, VRUOME LR R UTTE 4, W B
M7 VLR Al; A DIVE R GR AL R Y5 Y IR BT
Wit JE SN T 38 ) 5 2R BE VA R, B —DTTE R
METKHRAE ST B AR 5 2R 5 I U IR B
1.3.2 #Hk

A WU B 0 5 TE T A AH I 5 00 TP A 25 5
SCE AR AL BE A R A GRS L S L e
HE, BB b S AR, X4 AR
R O S T (B 0 Vel N B2 W
WEAEIGR A BCRE Jy i, RE S ANR & I AR 4 A
Yy, AT LA R I I 5K, SR 4 S B AR
22 H 5y K, NRTRME SR T 45 % 5o B AL
R B 4 ) U BA B T A AR R, AR R
I, AN T) e 24 A TR 37 Rl e S 4 Ak s i 2R AR ), 1
BEEA A 25 SCBRIH A o B R B A 1
HIGH

WANG %58 i = 5 5 B ik (S-201) € B [#]
WA, Bl S-201 e FBE m ek 1 39 B R = T g TBP
JEE RN, e EUH e 2y SRR (R BN A A
FRTE 40, RIS X1 LA . SULAIMAN %5
P BEER = TER(TBP) FIXL 2, 4, 4- = H 3L L
T AR BE 2 (Cyanex 302) 78470 o 418 9 8 HLAH MK
IR PP R RN AE U (IV), A 3. 0 mol /L i ik il
3.0 mol/L ERM BT Ik 13 98 % AY4A(IV) .
1.3.3 B7c#ik

B 42 R B 1 A vk R — R R & R 41 B R
gl tp B Tz N AT SR o B T A R A
BT A g 5V P S T R A s R, AT
LI ERE TR EMEE N TSRS,
BT A g AT LA 6 P b W B R 4 TR S, T
5 A BT T4 B . B S i T E 43 BH B
T A IR AN B B 2R R . B - 2SR AR
BT s 4 )8 548, BB 28 4 i g
TEANIE G B 1w 4 L or 4R sl b A F BAEH



« 40 - 4R QR HF 4 (https://mete.cbpt.cnki.net/)

2025 4F5 2 1

SUN &0 o B 25 1 i (DiaionSA10AP) M
AL S AL R R S A S R 4R (AL Fe.
Si) s, B AT W 73 2 Pt Fe 5 H A& )8
B, IR R R IR Fe, £ 71 81 IR UE B Pt 1080 45
FHIZ T 2017, PR Fe PR MERCRAE 99 %, Prlulig
FiK99.3%.

BT A4 1 1 43 T TR R — OB 4 i
A BRI R A8 (1 53 5 45 H X 40 1 4 )8 B 1 i AT ik
BN R R o H T I RE 5 A DA 45 Bl U A
TR R IC R R B A AR PGM 1 E R
I3, I HAEAE & A PGMORS 4 T & FI 0,

AR K, Bl 6T TG 4 SR AN W3, 2
T AT AE A 4 T 4 B 4 4l v %) F 5t 7E AS W IR
AU BEGE N BB T R A BT S 4
P8 B - 3 M R i 1) 38 4 M R R B B T, R AR AR
BA [RE, W ZE AR R TN = RO B 1A e T2, 42
AR P ROCR RN R LR, 5 AR B AR T, B
TS B i 1) R BT 2 B AR O G, A R Y
R HE A RE S I 1 o B ROR . AR K. &
T AL T LM LTI B F A i 4%, e+ 48
et 55, TR BT AR R

BT 42 J 1Y) B A 4 ik — R B A Tz I
SHAR . BARZEARAAAE — 2L Jmy FRE , (B E BT
(AN TR A, HH A 3 26 [n) 0 S A5 25 itk . B
A He VAR 43 T8 1) 53 S B A v ol 2 R O
HEEMEM,

2 BT RBAAR

2.1 AR R B AL EE

BRI W TP S B ac R
(4 AT A8 6 B8 F E AT A8 40 B A Ak B L B A i R
R R e R S = L ST I R e S =1 e
B ZR B AL TR i ) A B 25 R RS A T, T ] A e B
TFNYeE T RS I B 3c e PE e
2.2 WEHE
2.2.1 MHETFEWIE

XA N A BRIk A, iR R L (— SO,H).
B (—COOH) %, ol LIS b i BB 7 k4138
e BIG, M5 AR F (Na ') A0 T8 o 5 R v PH
BT BRET, B lE EEE T HY) S 5T
AT, ) R : HX+Na ™ —H"+NaX.,

FF 2 7~ 52 46 W8 il 114 22 46 g ) ke T TR M ik 141 1Y
S RE RN RRCEE o SRR PR B S 1A M R 7R 4 9 1 pH Y

Pl PR B g AT 25 28 48k, 1T 55 PR M FH 5 28 e B iR
HAERRIE S A T 28 4 5 1 00
2.2.2 BB FZIM NG

A mE M R AT, R B R —NTRY). A Rk 3
(—NH,). i 5( —NHR) ., HUE 5 ( —NR,) 45, 0]
PLS W B e i T sc i . M EAEET(CL)
F14) V25 VR0 30 3 5 B B S - S e A ), RS R b Y LA
W7 (OH ) & 5 &8 F 17 3c 4,

BH 25— 28 40 %% lig 1) 28 46 g 77 [R] A B e ik 5
VAL 11 5 5 RN AR B 3 a2 B 8 58 48 W I 7 48 0 11
pH 78 [l P4 e 1 AT 2SS 40, T 55 Bk B 2 Ag 4
BB AR B S5 A T AE H il T B
2.3 REEMMEAERNEHA
2.3.1 Akt

Pl e R B TR b | sSEE ohE |
8L L R

DRSO R AER IR B 2R 5 KT D REHE AT, nAE
RAR O - OB ILRY) Lol 5 AL,
R i X 4 e B W B A TR A R, AT T
K AL SR, A AT A AT ) e A R BT, 4506 i
R BHES T2 4 G AT S AR AL B, 3SR 1, ) 13
SRR

AT TR L N S8 B R 1 A A IR ML AR R
JE S e, 1 T e R e R AR R R,
% RE Tl WS R K b B ARG 52 BB6 T 4 T ik
PES B ac U, R T AR Wl 24 b A ) 43 e
L = (S S ] I 2 N o A T e
KA

FEA L IR M B R D R AR L B B B 4R
TN 25 B PR R ] 25 B S DI RE IR L T Tt
KA A 4 B IR B A . KA WA
SRR G W B AL, UM R 2R T TS WP RE
W SE K 58 B W 4 BT 2 5 FE K S W B T
W B 2l 2 E bR, R TR SR A R A T

FELSE H 8 & 3¢ Bk W B B if NDA150 il
NDA99 B i Xof A [ et 2 T 7K r R s Jo 14 7 285 W2 o g
PR, WF5E T NDA99 FINDA 150 Xif K 1 A (1) 5% B
FEOL, BEAT T IR R mi s, 25 SRR, BAT 55/
F14) e 15 2 Bk 52 B RY i o Ik el e LA A - 14 W o a5k %
PE. LIZ 7Y H] Amberlite XAD-4 % & ¥+ g 1 2
Pk S AT AL 2 kM |, 7E 283~323 KR JEIL BN, &
Tk AL AR B L T A DU i 8 2 Ak W DAL K YR 1
g B RE 135N T 24920 % .



2025 455 2 1)

4 JE QR HH 4 (https://mete.cbpt.cnki.net/)

o 4] o

2.3.2 YRS

Wy B A A A BRSO R T R 2
[ DI

Yy BHYR A O 8 2ok 5 A A RNR A JRE P R
TR, AE A I A T2 30 e 5 W BT P g, 7R R K
ferp LR 2 M gy, IR A AR 28 R B 1A 4
B g BT A PR G, 7 v 4l B K o 45 o ) st 2 ok B
PHES T, W A i T Tl Btk A =gk .

FERZUCHEE TR I RER R G . &8 A
AR A5, R 5 P i T I T 98 T HEL £ 2 E 5 TR R E
W AR ERR G AL D RE  7E A AL K Ab 3 S
IO - B 7 I EE I . IRB TR R BHE
W% 55 7k 4, IR R SR A R R IR AE TR )2 MR W
% 55 vk R VA VR IS ZE AN I SR I, SR RV L TR AR
AR

3 “ZRiE

AT T 0BT I8 42 BUEA % 6 J& (PGM)
AOTEAN AP TR, R G P 3R T e AR B | 4R LA R life
S AN SRR BT BT SR 0 BAR D5 %, I X A 5 i
UL ATV SRS N el 87 e o 1 i VIO 2 0/ 8 1
A D5 ¥R JRy BROE X I LR, 0 AR Tl 7 R
AR RS AR 3 7 B AT Ak S Y T 5L

752G Hi B W5 O, B T Ak T S B R AR
2iJ7 iR H £ Z BIARZ S H M)z 6. ik REA
PRGN [A) VA i o 52 28 PG MU R B W R AR,
BUETE g — P AT Z A BRI ST AR . SR, FE ARk
A BIF 5 A T, XF T 4R e 0 TR R e T AT A T
I 14 PR 38 2 ) 1 T 4 o 0T B RE A ) T o] 1 A
ERVIEI i TN IR SS  EPNIE RIS a1
W, At — ke , A AT AR BRI Z T LR SR 2975 TH
FEGr 5 5 OV S T S HR R T 4 ) EOR Tl A,
Ohy R S AT ) T R 5 e TR i AR M S A R S AR S P
WA

5% Xt

[1] JHA M K, LEE J C,KIM M S, et al.
Hydrometallurgical recovery/recycling of platinum
by the leaching of spent catalysts:a review[J].
Hydrometallurgy, 2013, 133: 23-32.

[2] DING Y J,ZHENG H D, ZHANG S G, et al.
Highly efficient recovery of platinum, palladium,
and rhodium from spent automotive catalysts via

iron melting collection[J]. Resources Conservation

[3]

[4]

(7]

[10]

(11]

and Recycling, 2020, 155:104644. DOI : 10.1016/
j.resconrec.2019.104644.

KINAS S, JERMAKOWICZ-BARTKOWIAK D,
DZIMITROWICZ A, et al. On the path of recovering
platinum-group metals and rhenium: a review on
the recent advances in secondary-source and waste
materials processing [J]. Hydrometallurgy, 2024,223 :
106222. DOI : 10.1016/j.hydromet.2023.106222.
HOSSEINZADEH M, PETERSEN J. Recovery of Pt,
Pd, and Rh from spent automotive catalysts through
combined chloride leaching and ion exchange: a
review [ J]. Hydrometallurgy,2024,228: 106360. DOI :
10.1016/j.hydromet.2024.106360.

KARIM S, TING Y P. Recycling pathways for platinum
group metals from spent automotive catalyst : a review
on conventional approaches and bio-processes [J].
Resources Conservation and Recycling,2021,170 :
105588. DOI : 10.1016/j.resconrec.2021.105588.
DONG H G, ZHAO J C, CHEN J L, et al. Recovery
of platinum group metals from spent catalysts:
a review [J]. International Journal of Mineral
Processing,2015,145: 108-113.

PADAMATA S K, YASINSKIY A S, POLYAKOV
P V,et al. Recovery of noble metals from spent
catalysts : a review [J]. Metallurgical and Materials
Transactions B-Process Metallurgy and Materials
Processing Science, 2020,51(5): 2413-2435.
Ptk SR 0, 0, A AT 4 R SR IR A [l AR
BUR K HERELT] . S4x)m, 2022,43(1): 76-85

YANG Z, GUO Y F, WANG S, et al. Current status
and progress of pyrometallurgical recovery technology
for secondary resources of platinum group metals[ J .
Precious Metals, 2022, 43(1): 76-85.

YAKOUMIS I, MOSCHOVI A, PANOU M, et al.
Single-step hydrometallurgical method for the
platinum group metals leaching from commercial
spent automotive catalysts [J]. Journal of Sustainable
Metallurgy, 2020, 6(2): 259-268.

PAIVA A P, ORTET O, CARVALHO G I, et al.
Recovery of palladium from a spent industrial
catalyst through leaching and solvent extraction[J].
Hydrometallurgy,2017,171: 394-401.

MAHMOUD M H H. Leaching platinum-group metals
in a sulfuric acid/chloride solution[J]. JOM, 2003,
55(4): 37-40.

De ABERASTURI D
LARRAMENDI 1

J, PINEDO R, De
R, et al. Recovery by

hydrometallurgical extraction of the platinum-group



o 42 .

4R QR HF 4 (https://mete.cbpt.cnki.net/)

2025 4F5 2 1

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

[22]

metals from car catalytic converters[J]. Minerals
Engineering,2011,24(6): 505-513.

DEMARCO J D, CADORE J S, VEIT H M, et al.
Leaching of platinum group metals from spent
automotive catalysts using organic acids [J]. Minerals
Engineering,2020,159 : 106634. DOI: 10.1016/
j.mineng.2020.106634.

ILYAS S, SRIVASTAVA R R, KIM H, et al.
Hydrometallurgical recycling of palladium and

platinum from exhausted diesel oxidation catalysts [J].

Separation and Purification Technology,2020,248 :

117029. DOI : 10.1016/j.seppur.2020.117029.
HARJANTO S, CAO Y, SHIBAYAMA A, et al.
Leaching of Pt, Pd and Rh from automotive catalyst
in various chloride based solutions|[J].
Materials Transactions, 2006,47(1): 129-135.
GAITA R, AL-BAZI S J. An ion-exchange method

for selective

residue

separation of palladium, platinum
and rhodium from solutions obtained by leaching
automotive catalytic converters[J]. Talanta, 1995,
42(2): 249-255.

ATIA T A, WOUTERS W, MONFORTE G, et al.
Microwave chloride leaching of valuable elements from
spent automotive catalysts : understanding the role
Conservation

Resources

DOIT : 10.1016/

of hydrogen peroxide [J].
and Recycling,2021,166 : 105349.
j.resconrec.2020.105349.

ZANJANI A, BAGHALHA M. Factors affecting
platinum extraction from used reforming catalysts
in iodine solutions at temperatures up to 95 ‘C[J].
Hydrometallurgy, 2009,97(1/2): 119-125.

MENG X H, HAN K N. Recovery of platinum and
palladium from spent automobile catalytic converters
by leaching with solutions containing halogen salts,
ammonium and oxidants [ C]//Proceedings of the 3rd
International Symposium on Recycling of Metals and
Engineered Materials, Point Clear, Al, F Nov 12-15,
1995.

PATEL A, DAWSON R. Recovery of platinum
group metal value via potassium iodide leaching [J].
Hydrometallurgy, 2015, 157: 219-225.
MOZHZHUKHINA N, CALVO E J. The correct
assessment of standard potentials of reference
electrodes in non-aqueous solution [J]. Journal of the
Electrochemical Society, 2017,164(12): A2295-A2297.
WADSWORTH M E,ZHU X, THOMPSON J S, et al.

Gold dissolution and activation in cyanide solution :

kinetics and mechanism [J]. Hydrometallurgy, 2000,

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30

—

[31]

[33]

57(1): 1-11.

CHEN J, HUANG K. A new technique for extraction
of platinum group metals by pressure cyanidation [J].
Hydrometallurgy, 2006,82(3/4): 164-171.

PANDA R, JHA M K, PATHAK D D. Commercial
processes for the extraction of platinum group metals
(PGMs) [C]//Proceedings of the 5th Symposium on
Rare Metal Extraction and Processing Held during
the-Minerals-Metals-and-Materials-Society ( TMS)
Annual Meeting, Phoenix, AZ, F Mar 11-15,2018.
HUANG K, CHEN J. Pressure cyanide leaching of
platinum-group metals from spent auto-catalysts[J].
The Chinese Journal of Nonferrous Metals, 2003,
13(6): 1559-1564.

SHAMS K, BEIGGY M R, SHIRAZI A G. Platinum
recovery from a spent industrial dehydrogenation
catalyst using cyanide leaching followed by ion
exchange [J]. Applied Catalysis A-General, 2004,
258(2): 227-234.

SAGURU C, NDLOVU S, MOROPENG D. A review
of recent studies into hydrometallurgical methods for
recovering PGMs from used catalytic converters [J].
Hydrometallurgy, 2018, 182: 44-56.

LATYUK E,MELAMUD V,LAVRINENKO A, et al.
Non-ferrous metals and PGM recovery from low-grade
copper-nickel concentrate by bioleaching and further
cyanidation [J]. Minerals,2022,12(3): 340. DOI :
10.3390/min12030340.

ZHUANG W Q, FITTS J P, AJO-FRANKLIN
C M, et al. Recovery of critical metals using
biometallurgy [J]. Current Opinion in Biotechnology,
2015,33: 327-335.

ASGHARI I, MOUSAVI S M, AMIRI F, et al.
Bioleaching of spent refinery catalysts : a review [J].
Journal of Industrial and Engineering Chemistry,
2013,19(4): 1069-1081.

SANTHIYA D, TING Y P. Bioleaching of spent
refinery processing catalyst using Aspergillus
niger with high-yield oxalic acid[J]. Journal of
Biotechnology,2005,116(2): 171-184.

MALEKIAN H, SALEHI M, BIRIA D. Investigation
of platinum recovery from a spent refinery catalyst
with a hybrid of oxalic acid produced by Aspergillus
niger and mineral acids [ J]. Waste Management, 2019,
85:264-271.

KREHULA S,MUSIC S. The influence of platinum (V)
ions on the formation of iron oxides in a highly alkaline

medium [J]. Journal of Molecular Structure,2011,



2025 455 2 1)

4 JE QR HH 4 (https://mete.cbpt.cnki.net/)

. 43 .

[34]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

993(1/2/3): 382-389.

LIUK M, QIU Y R, LI Y. Preparation of high purity
platinum nitrate using spent Pt-Rh catalyst from the
production of nitric acid [J]. Journal of Central South
University,2023,30(1): 85-94.

MATSUMOTO K, YAMAKAWA S,SEZAKI Y, et al.
Preferential precipitation and selective separation of
Rh (1) from Pd ( ) and Pt (IV) using 4-alkylanilines
as precipitants [J]. Acs Omega, 2019,4(1): 1868-1873.
HE Y, ZHANG X. Determination of gold, platinum
and palladium in copper slag by ICP-AES with
coprecipitation separation and enrichment[J].
Precious Metals, 2014,35(2): 59-63.

KANO J, KIZUKA T, SHIKANAT F, et al.
Structural dynamics of lead nanoparticles with
stable metallic surfaces on Pb,Sr._,TiO; prepared by
co-precipitation [ C]//Proceedings of the 9th IEEE
Conference on Nanotechnology (IEEE-NANO),
Genoa, ITALY, F Jul 26-30,2009.

GOC K, KLUCZKA J, BENKE G, et al. Precipitation
of precious metals concentrates from post-elution
solutions from ion-exchange processes [J]. Minerals,
2024,14(6): 625. DOI : 10.3390/min14060625.
JYOTHI R K, LEEJ Y, KIM J S, et al. Liquid-liquid
extraction of platinum from acidic solutions: a
review [J]. Solvent Extraction Research and
Development-Japan, 2009, 16: 13-22.

SAITO K, TANINAKA I, YAMAMOTO Y, et al.
Liquid-liquid extraction of platinum ( II) with cyclic
tetrathioethers [ J]. Talanta, 2000,51(5): 913-919.
ZHU P, GU G B, QU Z P, et al. The pilot test of
Pt-Pd and Pt-Rh feeds extracted and separated with a
new sulfoxide extractant [J]. Rare Metals, 2006, 25(2):
99-105.

POSPIECH B. Studies on platinum recovery from
solutions after leaching of spent catalysts by solvent
extraction [ J]. Physicochemical Problems of Mineral

Processing,2012,48(1): 239-246.

[43] COSTA M C, ASSUNCAO A, DA COSTA A M R,

[44]

[45]

[46]

[48]

[49]

(

o

o)

0]

1]

et al. Liquid-liquid extraction of platinum from
chloride media by N, N’-dimethyl-N, N’-dicyclohexy
Itetradecylmalonamide [ J]. Solvent Extraction and Ton
Exchange,2013,31(1): 12-23.

WANG S X, XU Y, WU W F, et al. Causes of
coextraction behavior of a small amount of platinum( II')
in extracting palladium ( 1) with sulfide[J]. Rare
Metal Materials and Engineering,2016,45: 63-67.
SUN P P, KIM T Y, MIN B J, et al. Recovery of
platinum from chloride leaching solutions of spent
reforming catalysts by ion exchange[J]. Materials
Transactions, 2015,56(5): 738-742.

IZATT S R, BRUENING R L, IZATT N E. Metal
separations and recovery in the mining industry [J].
JOM, 2012,64(11): 1279-1284.

SCHOEMAN E, BRADSHAW S M, AKDOGAN G,
et al. The extraction of platinum and palladium from a
synthetic cyanide heap leach solution with strong base
anion exchange resins[J]. International Journal of
Mineral Processing,2017,162: 27-35.

LEE J C, KURNIAWAN, HONG H J, et al. Separation
of platinum, palladium and rhodium from aqueous
solutions using ion exchange resin:a review[J].
Separation and Purification Technology, 2020, 246 :
116896. DOI : 10.1016/].seppur.2020.116896.

LIU 7, SHEN W, ZHU 7, et al. Study on the
adsorption separation of 1,3-propanediol fermentation
broth by ion exchange resin[J]. Applied Chemical
Industry,2020,49(1): 28-33.

FEI Z H,LIU Z T,DU Z,et al. Adsorption of
alkylimidazole from water with weak acidic adsorption
resin [J]. Polymer Materials Science &. Engineering,
2008,24(11): 87-90.

LI A M, ZHANG Q X, CHEN J L, et al. Adsorption
of phenolic compounds on Amberlite XAD-4 and its
acetylated derivative MX-4 [ J]. Reactive &. Functional

Polymers,2001,49(3): 225-233.



