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Table 1 Composition of catalytic converter power by XRF

(mass fraction, %)

ALO; SiO, MgO CeO, 710,
44.36 33.46 7.87 4.82 1.98
La,05 Fe,0; pd" pt" Rh"

1.57 0.81 2377 20.83 53.33

1) Platinum group metals is analyzed by fire assay combined

with ICP-OES (Unit: g/t)

HH2 1 RN, ML 3 25 ALO; # Si0, %
TP HIAH] 44.36%F1 33.46%, At 77.82%, MgO
N 7.87%, Pd. Pt. Rh 258 2377 g/t 20.83
g/ts 5333 g/t, IEEH Ce. Lafitonk, N
TB IR B PR KR SE S ALO;,
AL S RATERRAC . RGN

» — 2MgO-2A1,0,+5Si0,

10 20 30 40 50 60 70 80
20/(°)

E1 {47 XRD %

Fig.1 XRD pattern of catalyst

B 1 AT, fEARFIR) XRD B EEH TR A
(firhtige, oAb nZ AR AEE BRI A H I &
g, EHFAMERNC T, HRIRE 2
P-ALOs, TEER N NEMIEN a-ALOs, 7]
A FEMAFIR IR Pty Pdy Rh 25411 4& )8

1.2 KGEIRIGIRTE
1.2.1 & JEs it 5y

SR EAIII) AHC L AT AGO BTG, EALYIR 5
AR BRHEIR IR BT A O A A R B R R
TR A K AGE, W 2 B

x2 SREAMMNAHS FAGS
Table 2 Ang and Ang of metallic oxide
A;G /(kJ-mol ")

Metallic oxide AcH, ,fj /(kJ'mol ")

MgO —601.6 —569.3
AL O, —556.8 —525.9
FeO —266.7 —244.5
NiO —244.5 -216.5
PbO —218.1 —188.8
Bi,0; —-190.9 —165.8
Cu,O —166.6 —146.5
RhO -90.9 —67.0
PdO —85.4 —58.6
PtO —37.7 =37.7

HH3 2 AT%n, Pd. Pt. Rh &4L¥ 1 mol AR T Fr
XL ApHy B AGy #5975 F Fe. Ni. Pb. Bi Ml Cu %
W@ e, EIEFFHIRN PtO. PdO. RhO.
Cu,0. Bi,05. PbO. NiO. FeO, # &)@ bYalil
Se BB R, SRR A e 4 R S S AT I . BibOs
1 A HO 1 ALGE 5 FeO. NiO #1 PbO I, wJ i
B NTHEEISE Few Niv Pb B S48 E, BAR Cu,0
() A HS FTAGY E BiyO5 [ R, {ELE S5 15 25 4
RS EREESEE . MR, TR, &8 Bi
Re—MuE R Pd. Pt. Rh &,

122 & A I vE il

JAE 2 R P S R A A R, AR
FIFRE, B LAY Na,O . Bi,O, fEMA RIS B iR 07,
Na'. Bi'', nlpfsdEpedt o, hiF Na's Bi'"HA
BORMRAAE R, KGR M R R R S A Y
BT EABSRMBINMER, ATE SRR T T A
B BRARIEE 1 E  REEE s IRMEE ) Sio, 5
i O A B M E M EABE T, B,0; L Fh
FHEEEE T, HWSBARIIER Si0, 55, AT
DU A E s . R, S TS 2 R BGR T
B SE A SR M E AL S B AR KD, Bt AR b

B 2 RS TR A B R AR A T i
(R), SEEGM RIBEH IR %, EH 4 Fh 3 BA
THE Y TTHEE R.



2164

hEA O RYR

2020 459 H

_ w(Na,0)+w(Bi,05)
~ w(Si0, )+ w(B,0,)

R

2 R>1 W, IFEEEE: X R=1 K, IBEES
Py 2 R<I B, JEvEERYE.

1.3 LHRSE

1) H ok

FREX 3.0 g JRIRZEMEALFURE S, NN 5.0 g Na,COs-
3.0~4.24 g Bi,O3. 1.46~4.40 g Wi, 0~1.07 g SiO, %
0.190~0.279 g [HFp It R, AR O RE 1155 B 75 e
kL, FrARCRLE T 30 mL &R F, e hidtis s
|G R

2) WIRESE

IR AE DI 25 kW e AUE IR 1400 C,
S)FHRZ 900 °C, KL IFRL ) P BRI A 2
NPT, £ 10~60 min PN 213 iR E
1080~1160 C, il — & i [A) 5 BEAT ) ko

3) RERTES

TRIRAS RGN G, BT IR IR R, WM B 3
N, BT 20 mm JE AR A, ISR S
BEAT VAR G S AH 2 5, R4S — UOB HRE I S B & 4,
FFadram. 54 ERTCE.

4) AR E

B d 32 mmX20 mm BERD K MU 4P i R &8,
A H T A 900 CJEkibe 20 min, B ITEE SN
LI HVEERD IR LAY, LA 0.5 g/min (135 B S8 AL R > B8 4
J& Bi, MRS G ABUH P IR I, i 2] 20 mm &

FIERAR B4R =
FETZREWHE 2 Fix.

2 ZR5MR

2.1 YAEERWEXT Pd. Pt F1 Rh EIUEREIS00

FREL 3.0 g ikFE2EN 30 mL F&EHIAN, TIA
Na,CO55.0 g« Bi;053.0 g M4} 0.19 g, SCABHIRFI
Si0, FH & A BB RE, 20 min B RE M 900 CAJHH
TFZE 1080 ‘CIFARIR 40 min, FELIAWEHE X Pd. Pt
AT Rh [FISCE R M, S5 5Kl 3 Fis.

B 3 BTN, IEVETREEBUICH P, Pt AT Rh %6
B EcEe, B R 3G N, Pd [ A
I SCHGHE AR, Pt A1 Rh ) B 25 35 52 3538 B A 1)
s, fEMVETHE A 0.67 I, Pt A Rh 9 [m] Ui % £
531 83.68%F1 93.44%, IS ELE 0.71~0.77 I Pd
[ A i o 94.30%, I VETRFE R INE] 0.91 B, Pd.
Pt A1 Rh [AIYsZ 26 BUF G B N B1RAIS, 2300 63.0%-
68.31%H1 80.69%. BHEEXTIFE MG A REE . BRL.
SHEMSEMETIA R, RS S BUSE R
BE/N, AT T AR S ANORL 48 Bi 18 KA A R T A %
R, K5 Pd. Pt Al Rh 78 20 3 (8 TN HE AR,
SR ESCRREAR B S KR, BRI
SiOy. B,Os M7 & &, BUEMERIER, FHASAM
KL BT MER, JHERAE ISR, &
BIE N 0.71 B, ES5&EHRS S, H Pd. Pt
A1 Rh ¥ R

Spent auto-catalysts

Fluxes, reducing agent

Bismuth trioxide

I Reduction smelting i

I Slag separating |
I
PGMs bismuth alloy Slag smelting
Cupellation | Secondary smelting|
* >
Bismuth trioxide PGMs alloy | Slag sef)aratlng |
! f f
Secondary slag Crude bismuth

| Comprehensive utilizating |

B2 SRR AR TR e R T2

Fig.2 Process of bismuth collecting platinum group metal from spent auto-catalyst
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B3 BN PA. Pt A Rh [FIYRER K50
Fig. 3 Effect of basicity on recovery rate of Pd, Pt and Rh

2.2 %8 Bi 2% Pd. Pt &1 Rh EIYTZRAYENT
FRE 3.0 g iRFE- 5.0 g Na,CO; 2N 30 mL [ %t
W, 248 BiOsy BED AN SiO, F 4% il A B0 A
0.71, HMIMARESEE Bi &, H%E8RE Bi &
#XF Pd. Pt Al Rh B ggm, 45 R a4 B

100
95+
P
° 90
8
2 851
2
Da.ﬂ) 50 ——Pt
751 ——Rh
70 L 1 1 L
0.8 1.2 1.6 2.0 2.4 2.8

Bismuth/g

4 &J& Bi JFiEXt Pd. Pt Al Rh [ESCR 20
Fig. 4 Effect of Bi quality on recovery rate of Pd, Pt and Rh

HE 4 7750, 48 Bi N 1.0 gitf, Pd. Pt 1 Rh
PIEISCR I IAK, 3539 85.40%- 73.92%F1 76.95%:;
b4 )8 Bi BRI, Pd (ECE 2840k T
#, M4)E Bi SEMINR 1.9~2.2 g B, Pd {1 [ECER
ik 93%LL s M4 Bi &N 1.9 g i, Pd IR
=N 93.70%; Fi4)E Bi S &S, Pd 1R
ZRHEA K PeAI Rh (9 EICRBE SR Bi 9340, sk
WIS JEXGmER, 48 BiisH 1.9 gk, Pt
AT Rh FI [R5 1) 86.51% 92.54%, F-H¥ N4k &
(ISR FEARANAR oo b 2 5 2 70 A Uk 45 8 Bi

5 Pd. Pt fl Rh 7840 8ih, A3 miR R4 H 1,
&8 Bi It/ TG R A R B I 4 R
filr, SEECERFE; &8 Bid 2N, KEMMEE
TOORE 22 [A) () 42 J L2838 T, 25 ) (A1 5RO B8 KPR R
DUREE ARG, W PR B 4 8 I AR R . i
19 g NEENEE B &&.

2.3 (REEREXT Pd. Pt F Rh BRI

FREL 3.0 g 3FEL 5.0 g Na,COs. 4.24 g Bi,O5. 1.46
g Wb 1.07 g Si0, A1 0.279 g MKy, FA 30 mL P&
WA 7R iR, HERIGIRIEEXT Pdy Pt AT Rh B
EIm, 2R mE S5 Fis.

100
—o— Pt
9%t ——Rh
NS
)
B 92t
oy
2
g 8r
o]
[=4
841t
30 1 1 1 1 | 1
1060 1080 1100 1120 1140 1160

Temperature/‘C

5 JEMRIREXT Py Pt AT Rh ISR 0
Fig. 5 Effect of smelting temperature on recovery rate of Pd,
Ptand Rh

HHE 5 w50, ZERTHUREJSEIA, Pd. Pt Al Rh
IR R WA SRR EA 1100 CH, Pd.
Pt Al Rh (WIS =, 0 ilis ] 95.20%. 89.49%FH
94.52%, FIREOMEIIREE, &4 )8 MR ss 2aEi
BRI . A BRI A MR B 2 ORAF AR 76 4 J ik 1
WS, AR A BT, FORHA A
18 AR B s, AT DUARIE 4R Bi A BRI E
5 Pd. Pt 1 Rh A /& W BF [A)AH L4k, AT v RAe 4
HURE R IR R i, BORHA A B R
IERB G, SBE)E Bi YTiE s R, g
EIEARENR . IR HRIREE N 1100 C.

2.4 BKERTEYT Pd. Pt 0 Rh EUEZEEISNE

FREL 3.0 g 1R0FF, FoAhfl BIEC R o 2 ) I,
F G NE IR RE Pdy Pt A0 Rh [R5, 45 5
6 A7 o

K 6 ifLLEH, 7F 10~30 min M TH] A, Pd.
Pt Rh 37 54 e 1 [, Pd (1 [T U826 A5 58 7E 94%
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= 92 S 85t
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g 88 S -=—Ppd
[~ ~o75t ——Pt
84 L ——Rh
70 +
80 ! L L ! L L 65 ! Il ! ( 1 !
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Time/min
B 6 JAHEEN PA. Pt 1 Rh [FIYRER K540
Fig. 6 Effect of smelting time on recovery rate of Pd, Pt and
Rh

PLE, Pt. Rh (8 & EER S8 89.28%. 94.71%,
BE A I A E— 2B K, P [EIIACR B BRI, Pt
A1 Rh ) B ZE #T I, 2B % 40 min 5, Pd f[E]
PR IMET 90%. BURHHIRBN 900 CE kA Ja,
ek I A 22 A ROSE, TR I K Ay e b R T AR
TR, WNED T A K AR R OK RS, I ELEE
B BFEAE s W S MRI R Rk SR i
THE, AT REARLR I, SR PR i
TWEL, ARTEJEBRITE; K IR R 5
FR R MR RN, iR KR SIS R AN 7
gy, AR HEHENEESE .

2.5 FEMREREEEXT Pd. Pt F1 Rh EUERAIS0E

FREL 3.0 g ik FE.5.0 g Na,COs. 4.24 g Bi,03.0.279
g K, N 30 mL BN 78 b, 8l el
WIRSFA Si0, FH B3 BN AE o 2 bl , 25 SRl A T & L Xt
Pd. Pt Fl Rh [ 520, 455001 7 fios.

M 7 W1, R SiO, WEEETE A 0.71
B, & IR 2 N — 48 Bi kL, EARAIE:
JEAR S E A AME, Pd. Pt Al Rh FIEICERAUN 67.80%-
73.98%F1 80.22%; BEMAWC 203N, Pd. Pt Al
Rh ¥ [EYic 3 B B OR MRS s Al i &= Lo 5.8:1 B,

®3 MK LIRS,
Table 3 Results of optimized conditions (n=4)

Ratio of silicon to boron

B 7 FEFIELG Pd. Pt AT Rh [ 520
Fig. 7 Effect of ratio of silicon to boron on recovery rate of

Pd, Pt and Rh

Pd. Pt F1 Rh [ B 73 7138 I #] 89.90%. 87.15%4H
90.61%; JUH4AERIN Si0, A FH WIS 5 b A B i
I5f, Pd. Pt Al Rh 31k 28 & B 98.90%. 95.01%
H197.00%. FEFAFEIBLEE T, KA SiO, i@ E R
FE - R, BRAT AN S R RURL 2 8] BRI SRR
BEOIRD R 3N, B W 45A O G R/
MEEET, BT RREE RIS AR, 4
J& Bi i AR 4 P AR B R A

2.6 CEMHR

FREX 3.0 g #£5h Na,CO55.0 g+ Bi0:4.24 g 1l
ik 4.40 g #10.279 g ¥y, 7£ 30 mL P&t 77y
PEEE, MNCTHEZE 900 CHIZ B4, I 10 min
SPETHRZ 1100 CHET — RIS WSS,
WHES 2R /NT 74 um, BN 30 mL P& APy, i
A 2.12 g Bi,O; A1 0.279 g THi#r, L5, #1054
PTG, SRR 3 B,

M2 3 W&0, — KM% Pd. Pt Al Rh (4R RN
RAHIN 98.90%. 95.02%F1 97.00%, T H AL 4
N 26.43 g/t. 1.04 g/t F1 1.60g/t; —UNEIRIH£E Pd.
Pt £ Rh [R5 BRI KT 99%, ¥ Pd Az 2|
0.63 g/t, Pt il Rh fhH3)/hT 0.1 g/t.

Total recovery rate/%

Grade/(gt ")

Method of smelting
Pd Pt Rh Pd Pt Rh
Primary smelting 98.90 95.02 97.00 26.43 1.04 1.60
Secondary smelting 99.97 >99.95 >99.98 0.63 <0.1 <0.1
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3 48 Bi g Pd. Pt 1 Rh g9iTF2
HIE

31 =HESYHESHh

A4 R Bi H SRR S R I FEHLEE , X 5
PR E RS R, B XRD e
VIR R, D8 E < DA SCRA O 4R 22.5 5 B
&) XRD 5 Al 8 F1 9 Fras.

L.
10 20 30 40 50 60 70 8 90
26/(°)
B8 Sitha e XRD %
Fig. 8 XRD pattern of bismuth alloy

&l 8 T4, XRD B H LI 2 HU Bi AT,
55 Bi Arifk B (PAf No.85—1330) =AM &, K
Bl Na,COs. SiO,. ALO;. MgO %514 JB@ Ak Wt AT
g, ZIYIm R ES 5iEERMN, Pd. Pt Rh &
B I AT S 0

HE 9 AT%1, XRD EHLEHCFR, FEHNEE
Bi #H(Pdf No.85-1330)F1 — 7.4 & a4k & o-Bi,Pd

. =— Bi (Pdf No.: 85-1330)
e — 4-Bi,Pd (Pdf No.: 2-853)

26/(°)
9 EEGIMEEN XRD
Fig. 9 XRD pattern of enriched bismuth alloy (Pd 8.44%, Pt
0.07%, Rh 0.18%)

(Pdf No.2—853) {17514, )& Bi 1 a-Bi,Pd W& & FE
MRS, Pt Rh S &EEAG, A H IR XA Ak
BVIIRTHE, BRGNS ST AR Pd 1
firhtig, BE—SU G RE Bi Al Pd R B (R 1L
H, IR SR E A R Ek A R R 7 U P 34T
#.

3.2 4% Pd. Pt. Rh #IEHRIT
32,1 MRESE A E R 2 R

K FH B A Sy A7 4 70 K V2 R IR R R AR ' B
Pd. Pt Ml Rh i #Erh, FEABA Na,CO;. b, SiO,
BHATIEE, DB i s nk B Em. W
PR SRS T A MRS, ke RBANIAE
TR R B T Em AR, TR R R A S A S T R 1)
FRES IO, VEVESG R, nr DLA B AR R A B -
Mg*"\ Na'. 0" %, UL K AR FnSio) « B,O;
FRAEHERR EhAB AR R G I N Sy AAMR Y, BT T i 2 P s
MR EARE A% E T, Hd OB —0—Si
AN B Si—O0—Si HFEILMEE, Lk O—M
SR B TR, R R IR L R B B T A R ]
JE X3RN IZF) .

Bi,05 FIEH I 42 J@ Wi 10 Ji7 il i, RS 4 it e
PEM RS, R8RS T B BT R4
EETREZER, &RENMES5ESRLNE. &
THRAEREX, HEeRFRrE. SRk, %E.
REKNEZHHER SIHELAEPAEZES; $BR
Pd.Pt f1 Rh & T3 BT HA M BT 0 428 Bi A,
Uk — BT i A S, AT FEARAR 2R 00 B B Rg,
e R R BUE 7 RIE A B E AR R, AT
LS BN A RS, (ER AR E BRI
T AR, TEARRY BUIKET T EA KM &8
LELRISEI AR
322 &JEE S ARG M AR

&% Bi (o-Bi) B A S IR AL, A Bi
JEFAE R 25 = ANAH AR A I R T 2 = AR HETE b i
458(a;=0.307 nm), & S5HLRE T 3 ANEGEM Bi 5T
20 R = BT SR 45 79 (a,=0.353 nm), B EA =754
RAIRGER, TERORE )T AT DU AR R ST Sk 4514
(@=0.318 nm), ¥ K& /7R A I 0o 57 77 i % 45 74
(a=0.329 nm); Pd. Pt 1 Rh ¥J 4T 237 Sk 4s ),
iS40 54 0.32898 nm-+ 0.39229 nm. 0.38031 nm.
%)@ Bi 1 Pd. Pt. Rh EABCAAHUT I & A 45 R &
Mz, B4R Pd. PtAl Rh #EASJE Bi M. BidE—
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WS BEAEY), AT REAERAHEE. B
& R B E

RYECHR[16—17], Bi 5 Pd. Pt fl Rh K] It &4
FHERT 50, =l N 428 Bi 5 Pd. Pt. Rh BJRETE G
SRIEEAA,  BEAE B4 8 O B 10 PRI T VA AR P 4 i S
FE T AEZITTES Pd S E/DT 20%0, JE K a-Bi,Pd
. BRI AN 256 C, NHRRHRIARGER; Pt E
T 25%I0), BEIRE RSB R 4 M BiPt 484K, KT
T p-BioPt H A K FeS, G327 454 ; Rh & &/
T 17%0}, JERGLTT i R Bi,Rh M, SARIE RN
269 C. W, fE-IeE&ite)m S BRCn, Bk
M5 5 1 a-Bi,Pd. Bi,Pt F Bi,Rh LA, JokH
/& 0-Bi,Pd 548 Bi I =RIdb AL ML, =&
W5 R E AR . A 4 (Pd8.44%) XRD i A H B
o-Bi,Pd AT, H77UESE T Bi L n& @&
(7% 3% Pd.

4 Z5ip

1) MIRI 2 F b T 48 E A e SR
Te B A BB AHS R AGS , e
RSO, 48 Bi B BRI SRS Fes
Ni. Pb & B HPOR R, BA I FE R A BoRr bR 2 fe
e

2) TEMETRE N 0.71. Bi N 1.9 g. EEMIFEL
4 0.94:1. 1100 ‘CHE% 10 min FIRILEHET, E550
B SRLER TG, Pd. Pty Rh [FIUCERS5A 98.90%.
95.02%- 97.00%, - IKJEHRE U EE KT 99% .

3) WEHEE R R S SR Bi 4,
ART AR B HBE, BOEBAITER. VIR
WEAIRIIREN /7, Bi 5 Pd. Pt Al Rh ££) 12 Ju Bl N AT
RIESE B, 3P o-BiPd. Bi,Pt Al Bi,Rh
Zone i EY), HReREIIA R H HEE.
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Enrichment of Pd, Pt and Rh from
spent automotive catalyst by pyrometallurgical bismuth capture

ZHANG Fu-yuan, ZHANG Guang-an, XU Liang, ZHAO Zhuo

(School of Metallurgical Engineering, Anhui University of Technology, Ma’anshan 243032, China)

Abstract: A novel process for the recovery of platinum group metals from spent automotive catalysts, of which Bi was
used as the capturing agent with the properties of environment-friendly, non-toxic, and low melting temperature, was
proposed, and the slag system of Na,O-SiO,-Al,0;-Bi,O; was applied to the pyrometallurgical smelting process. The
effects of slag basicity, capturing agent mass, smelting temperature, smelting capturing time, and mass ratio of Si to B on
the recovery rates of Pd, Pt and Rh were systematically investigated. The results show that the platinum group metals
containing bismuth alloy with smooth surface and simplicity in two-phase separation can be obtained under the optimal
experimental conditions of slag basicity of 0.71, Bi mass of 1.9 g, smelting temperature of 1100 ‘C, smelting capturing
time of 10 min, and Si to B mass ratio of 0.94:1. The recovery rates of Pd Pt and Rh are 98.90%, 95.02% and 97.00%,
respectively, and the overall Pd, Pt and Rh recovery reach as high as 99% by secondary smelting. The trace platinum
group metals are preferentially reduced to atomic state or atomic clusters, which can bind with the newly generated
metallic Bi, form the binary intermetallic compound of a-Bi,Pd, Bi,Pt and BigJRh. The similar lattice structures can
reduce system free energy, and further achieve excellent capturing effects of Pd, Pt and Rh. The successful development
of this process provides a new route for the comprehensive utilization of platinum group metals in waste automotive
catalysts.

Key words: bismuth; spent automotive catalyst; pyrometallurgical capture; palladium; platinum; rhodium
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