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Table 1 Element compositions of platinum and palladium

concentrate (mass fraction, %)

Bi Fe Ti Te Cu Pb
23.78 21.19 11.81 2.6 2.44 2.07

Cl Ag Au” pt" pd"
1.62 5.23 636 473 334
1) Unit: g/t

L 1 AlAL, FHAERS T Th S B2 1) Biy Fe.
Ti 240, S&E5HN 23.78% 21.19%. 11.81%;
FEHREE Ag 58N 5.23%, HihSi4& )R Au. Pt.
Pd S 250 5N 636 g/t 473 g/t 334 git, TREJE M
RrARX &L e, BA B ESAME .

B 1 A %0, XRD i = ZH LR Ag AT
g R WA BRI Bis Fes Ti 50 R IATHTIE,
ZFEE R LR RS R, fERRE S H I
B2 IR AR i DX R B s A T R W v R
Au. Pt. Pd & EAHXEUC, A ILH]E AT,
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Fig. 1 XRD pattern of platinum and palladium concentrate
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(XRD) %} [&] 44 B it 347 W0 AH 0 Hr s R BR KR
ARLAdvant’X Intellipower' "3600 % X 528556
WA (XRF) T AR e R R S5E FEL A A
Nova Nano SEM430 %37 K& 5 i 44 L 53 (SEM)
MEE AR FE SO ESE; Aus Pt Al Pd & GB/T
7739.1—2007 KA Kik4-ICP 2 Al K H
EDTA ¥ @70 € Bi & &,
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FECAEY, HIMNu=Q)~(4)FiR:
Bi,05+6H +6CI =2BiCl;+3H,0,

AG® (293 K)=—56.762 kJ/mol )
Fe,05+6H +4Cl =2FeCl, +3H,0,

AG® (293 K)=—168.034 kJ/mol 3)
Ag+Fe’ +Cl'=AgCl+Fe*",

AG® (293 K)=—52.029 kJ/mol 4)

HRQ)~@ AL, HiREER 20 CH, BiOs.
Fe,0; BJn[ SRR, T Ag 2B ATE R
AgCl e & SEAER M, W) 5 BE o AR
IR RIE H Bi Ml Fe & 04T 1. N 7R AT RE¥ H
Bi. Fe, FHitftid &R HCl, #HM B Fe¥' &
SRA ) AgCLUTIE BT ClU 4, HAame W
W 2 fral.

B 2 Alf, B EALIR R4 A R RS E
(f CU AR & 4: [BiCIT', [BiCL]", BiCls,
[BiCL], [BiCls]*, [BiCle]’ s Fe’ fESULIKRE &
REBER CI, JEE[FeCl™ . [FeCl] . FeCls.
[FeCly] Rasg & &W; Ag fEAMIE RLE A RSE
CI B AgCl. [AgCL] ~ [AgCL] . [AgCLT: R
PRl IE, R Bi(IID. Fe(Il). Ag( I)HIEK
B o A s ()~ FT7R -

[Bi(I1D)]r=[Bi* T+[BiCI]*+BiCl,] +[BiCls]+
[BiCly] +[BiCls]* +[BiClg]*” (5)
[Fe(Il)Jr=[Fe* J+[FeCI]* +[FeCl,] +[FeCls]+[FeCly]”
(6)
[Ag( )]r=[Ag T+[AgCI]+[AgCL] +[AgCL]* +
[AgCL]™ (7)

MRAE R 2 p Bi(IID A C1 4% & i Bt FaE B 8
K25 %, FIH Orgin 8.0 224 Bi(II1)7E &1L 14
REMABHENE o 5 1g[CIHI= R LK 2 By
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Fig. 2 Relationship between bismuth chloride complex

and chloride ion concentration

18] 2 AT %0, 7€ Bi*-HCI-H,O H1, *4[CIT]<107
mol/L I Bi* I BLI N 99%, (GLAxtiHy; Bl
EICUTHIRE N, B 27 LU BB W A%, 24[C1 4
BnE| 7.9X107° mol/L i Bi*". [BiCIJ*'. [BiCL]"'=
FhAHAILTE, H BE M[BICI* 4 2 B &S, [C1)
BN, [BICIT 4 MUZHIFRAR, 44 Cr
JEAE BiCls, 24[C17]=0.031 mol/L I}, [BiCl,]"+ BiCls
FI[BiCly] HI2H 2> 2015 N 30%; 24[C1]=0.1 mol/L i,
[BiCls] ~ BiCls M[BiCls]" J&47, [BiCly] f141 5%t
KB i E 44%; BEE[CL ]éLéi‘Lﬂ, HA[BICIs]
EWm P S, A28 4E C B
[BiCl]* s 24[CI]=0.43 mol/L I, [B1C15] “HI[BICle]*
TEZR R TR D EFR 45 %, 2 JEHE[CL ] rI3E N
FEFB R Bi(I) 3 2 LA[BICls ] T RAFHE

4R Fe(IIDAT CI R THRR e W BT 1240t
5, 1143 Fe(IIDE AALAE R B ALEH 5K 9 5 1g[Cl]
KAMZWE 3 Frs.

H1 &l 3 W40, £E Fe’-HCI-H,0 i1, *4[CIT]<107°
mol/L IHA A Fe®" (4t h3h; B [CLMIS N
Fe "W BAG, 4 [C1 1N %1294 0.032 mol/L i,

&2 B, Fe¥'. Ag'ls CI&&Mihkae %%
Table 2  Stability constant data for chlorocomplexes of bismuth, iron and silver (25 C)
Equilibrium data 1B, lgp, lgp; 128, 1gBs 1286
BiCl," ™" (n=1, 2, 3, 4, 5, 6) 2.09 3.9 5.4 6.87 7.68 8.04
FeClL," ™ (n=1, 2, 3, 4) 1.48 2.13 1.13 0.7 - -
AgCL "™ (n=1, 2, 3, 4) 3.04 5.04 5.05 5.30 - -
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Fig. 3 Relationship between ferric chloride complex and
chloride ion concentration
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HI 22%, [FeCI* 7E 7 A 20 Bk B i Kk N
56%; 4[CI]=1.44 mol/L I, [FeCI]*". [FeCl,] Al
FeCly =AML 347, BRI [FeCI Rl 4k 4 Bl 1)
FeCly 21 3 1A], [FeClz] TR S o Lk B AR
W i RAELIN 76.6%, A[CLHFEE N, [FeCly]”
AR N FeCls M[FeCly] .
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2k, SERWE 4 PR,

& 4 /&1, fE[CI]=1X10" mol/L I, &AW
i Ag( 1FELL Ag TERAALE, BE[CL13Em,
AgCl 2053 5 LN, 34[CITA 2.37X 107 mol/L
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Fig. 4 Relationship between silver chloride complex and
chloride ion concentration
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2.1 HCIREX Biv Fe ;2RI

AN A E HCL ¥ 300 mL T 500 mL k%
oo, EIRKIBERIEIR 80 °C, fEIN 10.00 g 4HAR K
IR R 2 h, 8 HCL R JE 6 32 B4 )i 76 2 Bi.
Fe R H AR, 2RW0E S s,

A 5 "%, BE%E HClL RN, Bi. Fe
RHEREARFBEAR K., 24 HCLIREH 0.5 mol/L
HhNZE 2 mol/L B, Fe MR H 2 72.72% PR 3
£ 93.28%; Bi M HZEH 94.94%H N2 97.49%:
gkalyihn HCLIKREE, MR BB TRE, K21%
RN A T4 . HCLIRFEXT Bis Fe 33 H A 5400 32 5

RITHM[CI ] BEAH TR, SRR ER Ak 4
WM AR S, AT Bis Fe M H,
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Fig. 5 Effect of hydrochloric acid concentration on

leaching efficiency of bismuth and iron
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B Bi(ll)A1 Fe(lI)JF 467K pH B/, Fe(lD)fE
pH=1.14 I FFUETCHE, Bi(lIDF4E/K MR pH £E 0.5
JeA, RI[HT KA LA Bi(llh)A Fe(IT) &
KA. FEAR[CITR, Bi(Ill). Fe(IID)fEE K H A7
EAE R, 4 HCLIKRFEN 0.5 mol/L K, Bi(Ill)
PA[BIiCl,] « [BiCls]* M [BiCls]” = M & & 3L 7%,
[BiCls]* i Bi(II) i L E LA Fe(Il): % LA
[FeCL] TR Fe** | [FeClP $H 47 TV [C1]
G INAE Bi. Fe REIMmALiifzeéasy, LMEdE
AT, B2 Bi. Fe HIIRHIZE. 224
&, 1P 2 mol/L JNi&E 1) HCl KEE

2.2 [CI'|%f Bi. Fe ;24 RAE0

& X 2 mol/L ] HC1 ¥ ¥ 300 mL T~ 500 mL %%
M, IIAASFE &) CaCly PLES[CI], &8I 10.00
g FARRET 80 CHHEIURIFE B 2 h, B EL[Cl 1%} Bis
Fe R R A, 45 RuE 6 Fis.

H P 6 AT, BEE[CT 1300, Bi PR HRER
FETE 97% /4, Fe MIRHEEH 82.54% &
91.70%. [CI X} Fe fiR HIZFMER, H[Cl]=1
mol/L I, ¥ Bi(Ill) £ PA[BICls]” TERAETE,
CoNE AL AR EARE L, VR Fe(LIDAFTE
&R A[FeCl* . [FeCL]" FeCly, TEMAEKLAN
[FeCl,]": FEE[CI MK, Fe(ll)MITEAEH R EH A
TR A AL 4% SR, IR K[CL TN Fe
B H R Bi K; 4[CI]H 1 mol/L ¥4m#| 5
mol/L, #EFH 38.49% NFEE] 25.59%, Fe Kz HZ
I HT 82.54%4N%E] 92.70%. M & B KT 4
JE Ag REBHEH k. BT Ag 5 HClL RMNA

] AgCl i 5 Cl it — b4 & A T iE S &4,
100 40
i —

X 96+ 136

z

= = — Bj N

g 92 r * — Fe N 32 B
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2 88t 128

=

2

3 84t {24
80 Il ! 1 Il 1 20
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Bl 6 ClIREERT Biv Fe 12 H R AEL
Fig. 6 Effect of chloride ion concentration on leaching
efficiency of bismuth and iron

MG CUE, Ag MIREERCN 0.66%, {HY
[CI']=5 mol/L i, Ag HIZH%E FTH4 82.92%,
ISR G AN N CL .

2.3 BHIBEX Biv Fe 2R

H X 2 mol/L ) HC1 ¥ 300 mL T 500 mL %%
W, TEARILEE TRk, IR 2 e )5 1
A 10.00 g SAARKER, THIR N 2 h, HE VIR E
Xf Biv Fe i mggm, g5 R 7 B,

100 45
< 9} 140
> = — Bi
Q
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;:l; 92 - s — Residue 135 %
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@ 88 | 130 2
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Fig. 7 Effect of leaching temperature on leaching
efficiency of bismuth and iron

HE 7 v, BEER IR S, Bi IR H
REE MG R, Fe (IR H 2B 39 0. 4R B2 20 °C
EF% 80 C,Bi iz H# H 95.78% T+ %2 97.02%,
BRI H R 82.33%FH 2 96.62%. $miR iR E
AL IR Ry Fia ik s, dEim e s R R
FIRIA SR, s E G b b, AR
TRMRBIA TR Bi. Fe 2HZE; A4
RHEE ST 50 °C, HC B, % HCI
IR FE BRI [ N3RS, Biy Fe 12 H Rt sh
BL%, KIEREH IR HIEE 50 CHHE.

2.4 RELEXT Biv Fe ;24 RAEH

BEHCRFEAF 2 mol/L HC1 W T 500 mL %8
o, KA 50 °C, BRI 10.00 g RS T2
MAEIR N 2 h, HEEE LG Biv Fe (iR H %
sz, 258 8 fiaw.

HHPE 8 mI %N, BEAE WIS LI Bi. Fe IR H
UGN, Bi B H 2 B 94.83 %I+ & 95.73%,
Fe = H 2 H 90. 08%ﬂ§ 92.23%. Y [H ELA/ N
WRFER R REAFT Bi. Fe MigH, b
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Fig. 8 Effect of liquid-solid ratio on leaching efficiency of
bismuth and iron

R LR O, YR P A 2 TR A 515 21 Ak,
2 E Lk F) 20:1 B, Bi AR HFRIA ] 95.42%,
T3 0 ] LR R AN K, SR A 2 R T L
20:1 AH.

2.5 ZHBTEXT Biv Fe i3 RS

X 2 mol/L 1] HC1 %3 200 mL - 500 mL %5
s IR E 50 °C, fHIN 10.00 g SA40RE T 1H IR X
AN (], %22 I [T Bi. Fe 12 H R M5
), SR 9 Fis.

HHEE 9 nl%n, £ AT EUNS [A]SE [l A Bi Al Fe 397
BEIR R, HER BT, ZH R R
B 2RSS, Bi MRERE 96.28%MF %
95.73%, Fe MR H R 94.31%[% % 93.21%. f&H"
H) Biv Fe 2 LUBATR Th AN A AL M T A2 1E
5 HCI Wk, HBEE R B E LK, HCL K
FEREIGIN, KEERRRHFERE 0 A KRS

97 21.0
ES %6 -\\——"‘/.
S 420.5
Q
5 ost ES
= E
& .—Bi 1200 5
2 o4 *—Fe 2
< 4 — Residue
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Fig. 9 Effect of leaching time on leaching efficiency of
bismuth and iron

PO FEAK, RS 1 Bi(ID). Fe(IIT) & 4 #6437K
fEDTE T, S Sk S NI 8] R3S IR H 5 S s
N B, B REHERE D R N A 1 he

2.6 HCIZRHISEE

7 HCLIRJE 2 mol/L ¥ [E b 20:1. 50 “CHEE
SN h AT, PR AT T 3 R
HAASEES, BB RO 24.37 %, FERJRFEIC
% Bi. Fe. Ti # Te PR 45 Rk 3 i), &
BFEHSWER 4 By, BHBE XRD %A
SEM-EDS K437l 10 A1 11 fios.

=3 MRS AR s A R
Table 3 Experimental results of optimum leaching of

platinum palladium concentrate

Experiment Leaching efficiency/%
No. Bi Fe Ti Te
1 96.29 93.26 76.33 57.22
2 96.34 93.10 76.15 56.81
3 96.10 92.90 75.59 58.60
Average 96.24 93.08 76.02 57.54

x4 REERICRAR
Table 4 Element component of leaching residue (mass

fraction, %)

Ag Ti Fe Te Bi Sb
20.22 15.25 5.87 4.57 3.62 2.93
Si Cu Au" pt" pd”
1.62 0.675 2930 1980 1330
1) Unit: g/t
Sample

I_J J AgCI-Pdf: 31-1238
L ih A ki

10 20 30 40 50 60 70 80
20/(°)

Bl 10 3% XRD ¥
Fig. 10 XRD pattern of leaching residue



FEI3BE 1M

S, 5. BARRAEH ML) B Biy Fe MERGRTE

147

B 11 &1 SEM 4 % EDS i

@) Element w/%
(0] 73.62

Cl Cl 2.56
Ti 348
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Fig. 11 SEM images ((a), (b), (¢), (d)) and EDS patterns ((a"), (b") ,(c") ,(d")) of leaching residue
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Energy/keV
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Fe Cl 1.72
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10
Energy/keV
@ Element w/%
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0 Ti 6.77
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3 3 "4, AT, Biv Fe HRFIR
RIYHIN 96.24%F 93.08%, JFRE A B ARG AR
Mtz Tiv Te PR HFED RN 76.02%
57.54%, Ti KR HHRE Bi. Fe (K, "RERAFAER
A R TiCL, K ff P2 AR TiO, Pl #E IR i A .

4 ATA, RHEH Bl & & AR
(1) 23.78%FFAKH] 3.62%, 12 ZikH] 96.24%, Fe
SEMANERET TP 21.19% % E 5.87%, 1RHEN
93.08%, RN 2437%, HHEBEETIES
T, RHEET SR Ag EEH 523% EAE
20.22%, Au. Pt. Pd & THALA 6240 g/t.

HE 10 AT LLE H, 12 HE R R ZH I AgCL AT
WU, AgCl AREH TR Ag ib ) FeCls firfe,
HoAth o F & ERURE LR &3S T A7 7R AR H I
SATEE . HE 11(a). (b) (c). (d)FI%1, IBHIAE
BERNA—FR B AR HE 11(@) (¢)-
@A 51, B 11@a). (c). (T RXIEH O, Cl. Ti.
Ag FonERARN, R ClLETFM Ag Ji+ B E 5
Bt E R 7R, IrRgi R h 1 ih, &6
R XRD i, K 11(a)s (), (FTRXILF Ag
R EELL AgCl FITERAFAE, MK 11(a) (¢)~ (d)
EDS BEIEEH O T 5 Lh¥h 66%LA F,
11(a)s (c)s ()FFAXIH Fe. Ti. Cu FELLEAL
YA B 1) R X EZITTREN Tiv Sis
Te, {H Ti MEEHEERE 1) (c)s (d)FiRXIE
s EEEFUCR Bi TS EEKHE N HCR
REAE 7 X 4k 1Y) EDS HE1E bty B AT S

3 Zig

1) 2l THEARICITT Bi(lh). Fe(I)2H 5
K, Bi’'. Fe' fEEMLIE R NS CUR MR AT 1
%W, [CI1=2 mol/L I, Bi(Ill) 3= % LA[BICle]*
IS THm, Fe(lDM EBAERS N
[FeCl,] -

2) £ HCl ¥y 2 mol/L [ Eb >y 20:1.50 C
THiR RN 1 h BOURAET, W% Y 24.37%, Bi.
Fe MR H A F] 96.24%. 93.08%, Tiv Te 4%
AR 535, IR E SR AN 76.02%H1 57.54% .

3) RHEFEYI N AgCl, EEWRH N Ag,
TEILH] 2022%, TiE)E Au. Pt Pd K& AL

6240 g/t, SiEJREEL TS A, REBERWEY
$ 2 RKANAS— [RRORL B AR o
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Enrichment of precious metals by hydrometallurgical separation of
Bi and Fe from platinum palladium concentrate

DENG Yu-qing, ZHANG Fu-yuan, ZHANG Jin-chi, XU Liang, ZHAO Zhuo

(School of Metallurgical Engineering, Anhui University of Technology, Maanshan 243032, China)

Abstract: The platinum palladium concentrate from copper anode slime was used as raw material. According to its
mineral characteristics, HCl was selected as leaching agent to remove the main base metals such as Bi, Fe and
enrich the precious metals such as Au, Ag, Pt and Pd. The composition distribution of Bi(Ill) and Fe(Ill) in
hydrochloric acid system was plotted by thermodynamic calculation. The influences of the concentrations of HCI
and CI, reaction temperature and time, and other factors leaching on efficiencies of Bi and Fe were investigated
experimentally. The results show that the leaching efficiencies of Bi and Fe are 96.24% and 93.08%, respectively,
when the HCI concentration is 2 mol/L, no chloride ion is added, the liquid-solid ratio is 20:1 and at 50 ‘C for 1 h.
Bi (III) and Fe (III) in the leaching solution are mainly in the forms of [BiCls]’” and [FeCl,]” complexes. The main
components of the leaching residue are Ag, Ti, Fe and Te, with the contents of 20.22%, 15.25%, 5.87% and 4.57%.
The grades of Au, Pt and Pd are 2930 g/t, 1980 g/t and 1330 g/t. The SEM images show that the leached residue is
granular with uneven size. The EDS images show that the leached residue contains Fe, Ti, Ag and other metal
elements. The results of XRD show that the main phase of the residue is AgCl, which realizes the separation of
impurities and the enrichment of precious metals.

Key words: platinum palladium concentrate; precious metals; acid leaching; enrichment; leaching efficiency
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