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Fig. 1 Migration and evolution of precious metals during

copper smelting
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Table 1 Actual compositions of mixed concentrates, matte

and slag from a copper smelting plant

Content, w/%

Element
Mix concentrate ~ Copper matte Slag
Cu 24.35 70.31-75.84 3.09-3.42
Fe 26.76 3.74-8.32 39.66—44.90
S 28.57 13.25-20.14 0.61-0.83
AuV 4.69 13.24-17.46 0.37-0.84
Agh 292.34 814.92-1363.72 32.93-43.84
1) g/t.

£2 PSRRI T 20

Table 2  Operation parameters from a copper smelting
plant®”

Adding Oxygen Air flow  Oxygen-ore Matte
orerate/  flow rate/ rate/ ratio/ grade/
(th™) (m*h™h (m*h ™" (m*t %

66 10885 5651 183 71

=3 ENEGR AR Y5 R A ERME
Table 3 Predicted compositions of matte and slag in copper

smelting process

Content, w/%

Element

Copper matte Slag

Cu 71.08 3.14
Fe 7.15 42.17
S 17.51 0.74
AuV 13.29 0.53
Agh 825.84 33.29

1) gh.

FHEE 3 Al AL, HER A 71.08%K0T, Hi%5H Au.
Ag &8 HIN 13.29 g/t 825.84 g/t, T Au. Ag
(& B 50N 0.53 g/t 3329 gite 5% 1 thsgprd:
ARG RAF, UEH S8 8 2 A0 7 RO A 1) S
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2(c)s (D& B LW Pl Uk R 2% B AR R 3 mT AL
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241X 107 g/t. 5.49 g/t KA 4.09X 107 g/t. 2.79 g/t,
XFERF NG I &8 S AL, ARG A
S EU R Ly T

Au. Ag TEHGRAY R AR 2 BE LU I BEAS A Cu &
BB AME 3 s, HE3 AR, HEERD S
FLFh i, Aus Ag TEARSRAR 1200 EL 31 23 70 94.72%
93.51%F%Z 91.83%A11 91.34%, W54 )85 Hic He
AR E, RFERETE LS BRI E
MU I A4 =38 0

P& L 2SR Au. Ag SEAE, #
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GHAMTTR S BRI EMEN R, 48 Au. Ag
TEHR BRI A I i DA AR . b
BN 4 iR

HE 4a)FI(b) AT AT, BB Au. Ag SRR
S HETHE WM 14.54 g/t.901.05 g/t BRIKZE 11.31
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0.33 g/t 23.49 g/it, XEHMTHE S S8, W5
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Fig. 2 Effect of Cu content in concentrate on distribution behavior of precious metals between matte and slag
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Fig.3 Effect of Cu content in concentrate on distribution ratio of precious metals between matte and slag: (a) Au; (b) Ag
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Fig. 5 Effect of S content in concentrate on distribution ratio of precious metals between matte and slag: (a) Au; (b) Ag

312 S&EE =T R

BN R Co TERET RN 14.35%~
26.55%, Au. Ag FEDHIM 5.31 g/t. 330.98 g/t FHMN
PR Z 4.55 g/t 283.85 g/t, Fe. S ZHAMTTREER
FEFRLLIEA R RS, $81 % T 228, Au. Ag
TERRGAN A i o B DA AR SRR
AU 6 Fis .

HE 6()fI(b)rI &1, BEERT H Cu SEF &,

HENIBIE 5 S Au. Ag BEE THFES, A&

Ag content distribution/%

S content in concentrate, w/%

Effect of S content in concentrate on distribution behavior of precious metals between matte and slag

N 0
[T )

[A g] mt

N W A W
S o o o O

—_
S O

27 28 29 30 31 32 33 34 35 36 37 38 39 40
S content in concentrate, w/%

1h a5 514 300.46~350.46 g+ 18733.83~21845.00 g;
g Au. Ag SEM 17.26 g/t. 1066.99 g/t [EIKE
13.26 g/t 822.36 g/t, HALIE IR 2(a)Fl(b) K,
HIR R IEE RS+ 5t & s M w2 ik, B = =38,
PLA G RS @B s B Au. Ag SRESE
PR AR 0.50 g/t 34.55 g/t, XTI+ &%) 0.60 g/t.39.72
g/t, IXJEH T BRI EAEH S AL 2 3 B G CR 2%
ORI, AFRER S AL AR T 5 B IR AR
BRI A s R il K E T &N .



2956

T EA O8RS

2020412 A

6(c)FI(d)H Au. Ag 7R HR A IR R AL 34 K R A
5B 2(c)M(d)EML, HEARKEEBEE K, 23
2.73 X107 g/t. 6.22 g/t FFKZE 4.00X 107 g/t. 2.71 g/t,
KRBT 5t R & B R T S m
AR IR, ﬁ—ﬁ%ﬁyﬁﬁﬁmﬁiﬂﬂmmﬁiﬁ.ﬂﬁnc
Au. Ag FESRBRAE AR 2 EC LEBIRERS T Cu
RGBS WE 7 PR, BET7 W, BT
neRB e EILESRMI, EHRERIEE. A m

%i@f%ﬁﬂﬁi&‘d\ DK BE RS ST, BEAS B
Au. Ag FEAML, X E SRR GAR A A 7 B b
352} n (@ (a) —u— In concentrate {17.6 _ 0.96
o L . —A— In matte i o
‘Qé iiz A\ —e— Inslag 116.8 & 0.90 I:n
5§00 Q\ 160 2 9% 5
S 328t A g 1078 &
151 \l 1152 Z 1072 =
© 320 \_ k= g
2 312} A\e\—. 1144 £ 1066 £
g £40.60 E
= 304 ,K. 1126 8 8
5 . _» 51054 =
<2061 *-e—e—o et 1128 2 ] g <
14 16 18 20 22 24 26 28
Cu content in concentrate, w/% o~
0.10 7. 10.64
20601()  —m—Total . % 2
= A Di . =—10.62 &
0 —A—Dissolution {008 & =
3 057k —o— Entrainment o |70 =240.60 z
=S 07 - £10.58 =
2 1006 17" 5
= 0.54 o ¥ £1056 £
5} / 10,04 510543
g - /0—’ 0.04 § b
S 0510 ANl red £ 1052 &
= \ --.f-/./ 10.02 € {0.50 §
3 ’\’—Hif—p E £
5 0.48 “A—A—a-a |, 510488
14 16 18 20 22 24 26 28 é 2

Cu content in concentrate, w/%

Bl 6 K5 Hh Cu & &x] 5t 7 BAT A

B JLF-JosM0, 5% 46 L2 A B A Hh 43T L9 AR AL
F R G 5 B 3 A

HRER S TR S EM 26.57%FF & 40.57%,
TR Aus Ag M 4.82 g/t 300.52 g/t BRKZ 3.90
g/t 243.23 g/t, Cu. Fe S HABTER S & AL LLFIE

FHNVREE, % TESHAR, I Au. Ag 74
AR S B MR AR S, W 8 Frm

HE 8 Fin, BEEREN S &R S, NG
HARAN Au. Ag BB EFEIK, BRI 5R
257.54~318.21 g. 16053.04~19834.67 g: 4% Au.

150
22.0r g (b) —u— In concentrate 11100 _ 43
v —a— In matte T4 &
L A [ |
T 21(5) EI\-\ ——Inslag {1050 5 146 %,
g2 . 11000 2 {44 2
5 20.5} N s | =
5 A 950 £ 1% =
S 20.0f A\\ 190 =08
S 195} 1900 28 1.¢ £
g 190 o \‘2' 8 |53 S
B0 e A 1850 2436 &
18.5r 0—0'0/' = < |
< {800 134
14 16 18 20 22 24 26 28
Cu content in concentrate, w/% — ~
~ 40.0 30% 139 %
— [ | 2 on
= 395l @ —-m—Total 2 5
2 38.4 —A—Dissolution o 1248 1378
eh 2041 —o— Entrainment / 2 o
% 37.61 o =
£ N 18 § 1355
Z 368 = /0 g 2
g Y 4 E £
g 360 «— 12§ 433 E
S 3521 Na 5 g
%0 \.—_ /./ =2 -
< 344t .\A\‘\‘ ; 16 5 31 §
< — ——2_, =1 =
2 336 ¢ A—t—da s g g
= o 5]
. . . . 0 o 429 5
14 16 18 20 22 24 26 28 <« <

Cu content in concentrate, w/%

Fig. 6 Effect of Cu content in concentrate on distribution behavior of precious metals between matte and slag
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Fig. 7 Effect of Cu content in concentrate on distribution ratio of precious metals between matte and slag: (a) Au; (b) Ag
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Fig. 8 Effect of S content in concentrate on distribution behavior of precious metals between matte and slag
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Mechanism of gold collection in matte and distribution behavior of
precious metals in oxygen-enriched smelting process
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Abstract: The distribution behavior of precious metals in high-temperature molten is affected by the thermodynamic
properties of smelting systems and components. The capture of precious metals by high-temperature molten matte is
beneficial to reduce the total Gibbs free energy of the system. The loss form of precious metals is similar to copper in the
slag, mainly based on mechanical suspension which accounting for more than 90% of the total slag loss. The precious
metal multiphase equilibrium model was modified with a mechanical suspension rate. The modified model was used to
calculate the Au and Ag contents in the copper smelting process of the typical copper smelting process. The Au contents
and Ag contents in matte are 13.29 g/t and 825.84 g/t, and Au and Ag contents in slag are 0.53 g/t, 33.29 g/t, respectively,
which are in good agreement with the production results. Then, the distribution behavior of Au and Ag in multiphase
were calculated under different concentrate components (Cu, S) and process parameters (matte grade, oxygen-ore ratio).
With the increase of Cu content in concentrate, matte grade and oxygen-ore ratio, and the decrease of S content in the
concentrate, the distribution ratio of Au and Ag in the copper matte decreases, and the loss in the slag increases. Therefore,
reducing the mechanical levitation rate of the copper matte is beneficial to reduce the loss of precious metals in the slag
and improve the recovery rate of precious metals.

Key words: oxygen enrichment smelting; molten matte; precious metals; trapping mechanism; distribution behavior
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