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Abstract

Kinetic assessment of coupled reaction between multi-component

slag and liquid sulfide via simulation model

Seung Hwan Shin
Adpvisor: Prof. Sun-Joong Kim, Ph. D.
Dept. of Advanced Materials Engineering

Graduate School of Chosun University

Copper smelting slag contains less than 2 mass% of Cu oxide and 30-50 mass%
of Fe,O. Each year, the grade of copper ore decreases while the amount of slag
generated in the copper smelting process increases. In this study, a coupled reaction
model to simulate the reaction between multicomponent slag and FeS-based matte
was developed using reported thermodynamic data and double film theory for the
recycling of copper smelting slag. The activity coefficients of oxides in the
multicomponent slag were calculated using a regular solution. The activity
coefficients of Cu,O in the slag and those of FeS, Cu,S, and CaS in the FeS-based
matte used previously reported data. The behavior of Cu between slag and matte
was confirmed by comparing the simulated results and the reported solubility of Cu
in the slag within 1473 K to 1573K. In addition, the effect of the input amount of
FeS on the copper content of the slag was verified by comparison of the reaction
model and experimental results. Using the reaction model, the influence of the
initial ratio of FeO/SiO, of the slag, temperature, and matte composition on the

behavior of Cu in the slag and matte were investigated.
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CuFeS,(1)+5/20,(g)— Cu(l) + FeO(1) +250,(g) (1.1)

Cu,S(1)+ O,(g) —2Cu(l)+ 50,(g) (1.2)
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2FeS(1)+17/20,(g) — Fe, O,(1) +250,(g) (1.4)
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Fig. 1.1 Process schematic for copper extraction from sulfide concentrates.
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Fig. 2.1 Concept of kinetic model between matte and slag.
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Fig. 2.4 MgO content of the slag as a function of time and calculated Ak/V value.
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Table 3.1 Initial

composition of the Slag and Ag before the experiment

Exp. Teir<np Mass Composition, mass % FeO/SiO, | Mass
g FeO Cu,O SiO, AlLO; CaO MgO Ratio
A 49 2 33 5 6 5 24
B 43 2 30 5 15 5 2.1
C 38 2 25 5 25 5 2.2
D 1573 4 44 1 30 5 15 5 24
E 44.5 0.5 30 5 15 5 2.2
F 33 2 37 5 18 5 1.1
Gas Outlet
Mullite Reaction Tube

Gas Inlet
‘—-._,_‘_‘_\_‘_‘_\_‘_‘_‘“-

Super Kanthal (MoSi,)

= Heating Elements

Slag ==

B-type Thermocouple
Ag —|

B

MgO Crucible

Fig. 3.1 Experimental setup.

A 2A 12U Ay
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Table 3.2 Initial composition of the Slag and Matte before the

kinetic experiment

at 1573 K
Slag Matte
Exp. | Mass Composition, mass % Mass n%?sn%%
£ [FeO Fe,0;, CwO Si0, ALO; CaO MgO| ° [FeS CaS
1 1 24 6 19 8 100 O
11 4 1 29 6 5 6 4 100 O
111 1 29 6 5 6 90 10
Gas Outlet
Mullite Reaction Tube
Gas Inlet /
Super Kanthal (MoSi,)
L Heating Elements
Slag < |
B-type Thermocouple
Matte — |

Collection @ chosun

MgO Crucible

Fig. 3.2 Experimental setup.
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O Cas 1573 K
(@]
2
w2
[
9
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O (6]
T
SNSRI V.
1 N 1 N 1 N 1 N 1 N
20 30 40 50 60 70 80

2-Theta (Degree)

Fig. 3.3 X-ray diffraction patterns of prepared sample at 1573 K.
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F 41 & 1573 Kelld Hd A9 Z23E 4 4D (@)= AHgste] ARt @
U2 W CuOps &5%= AF 2345 Sd2 ATF 74 HojFr 2 (42)00A4
A B 10° 2 AAsGT A @3)elA, B A4 K @S nnd 73
[55]e =g oty 1elal Ag el g3 vele 25k Aae ool i

u)
>

13] ©lolH [16]ef ofa] Lot

Cue 45+ 1/4 Os(gas) = Cu Oy 50iquia) (4.1)
I((U - (7@00.5 X X@Oo.r))/ (aalg Ag < Péfl) (42)
XO&

Y =Ky Xy X (4.3)

s e XGLO()H
AG° =—58800+19.557 (4.4)
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Table 4.1 Calculated CuQO,s activity coefficient results

Slag A B C D E F

YCu00.5 52 7.9 10.2 6.6 7.6 8.8

Si0,

Present work
Slag A ~F (1573 K, 10* atm)
FeO/Si0,= 1.1 ~2.5, AL,O,= 5 mass%

20% 80%

Slag A, (Y009
Slag B
Slag C
Slag D
Slag E
Slag F

O*pPEO N

Teuoos Takeda line (1573 K, 108~ atem)
------ (Ca0+MgO)/SiO, (mass ratio) _\\\:::\\

Y Y ARy Y A Y ARy SR SR SR D FeOX
CaOMgO 20%  40%  60%  80%
wt% FeO_

Fig. 4.11 Calculated activity coefficients of Cu,O by using the equlllbrlum
experiment results with Takeda experiment data at 1573 K, PO,=10""*
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2. HALAPS B Fe AAY

¥ 412 94 WY A9 Avel w3 g dolHE Jwew 57 EAWe
of R AYAE HolFTh AYTAN X FE& AW, Y FE
o

Al
2 CuOps o &s& A e Bolerh 2 Aol a4

l0gYaug,, = 0.0057 (% FeO) +0.0042(%Si O,)

+0.0195(% Ca O+ % Mg O) — 0.0002(% Al,Oy) (4.5)

T T T T T T T T T T T
14 - (%FeO) =10 ~ 75 mass%
(%Si0,) = 17.8 ~ 51 mass%

(%Ca0 + %Mg0) = 3.5 ~ 40 mass%
12 - (%A10,) =4.8 ~ 5.2 mass%

-
= 1.0 -
% &
< IS
0 o
g o8t S .
0.6 i
FeO/Si0, = 0.5 ~2.5
(CaO+MgO)/Si0, = 0.13 ~ 2.11
0.4 R>=0.9856 .

0.4 0.6 0.8 1.0 1.2 1.4
0.0057(% FeO)+0.0042(% Si0,)}+0.0195(% Ca0+% Mg0)-0.0002(% ALO.)

Fig. 4.12 Empirical formula by using the regression analysis.
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16 . , . , . , . , .

L ¥V Takeda data (FeO-SiO,-Ca0-MgO-Cu,0) 4
@ Henao data (FeO-SiO,-Ca0O-Cu,0)
14 o Experimental data (FeO-SiO,-MgO-Al,0,-Cu,0) n
| e This study Empirical formular (FeO/SiO, = 0.5~ 2) ]
=-=+ This study Empirical formular (FeO/SiO, = 2~ 2.5)
12 - =
i TS —— ]
~ e
slOfF—— e v .
O: ‘ _____________ (<]
O 3 PR .
> V e e~
N’ - v
8 8 i
o'.‘ 0,'
L s @ J
e ’
6 Y yd -
-'.. .I.
L s 8~-6 J
A & PO, =10"""“atm
;

4 1573 K N

L | s | L | s | L

0.0 0.5 1.0 1.5 2.0 2.5

Mass ratio of (CaO+MgO)/SiO,

Fig. 4.13 Empirical formula compared with reported experimental data.
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Fig. 4.14 Mineralogical structures of slag(A) and matte(B) of experiment I.
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Fig. 4.15 Mineralogical structures of slag(A) and matte(B) of experiment Il
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Fig. 4.16 Mineralogical structures of slag(A) and matte(B) of experiment IIL.
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Table 4.2 Typical composition of each phase in slag

NO. Fe Ca Mg Si Al (0] S
S1 Suspended sulfide in slag 51.6 - - - - 18.1 303
S2 Slag 1 1 a3 167 195 03 451 -
S3 Slag 2 125 20 194 54 460 -
S4 Slag 3 51 104 78 213 414 511 -
S5 Slag 4 185 73 57 176 15 495 -
S6  Fe-Carich oxysulfide 424 35 - - - Ot o9s
- 35 -
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Table 4.3 Typical composition of each phase in matte

NO. Fe Cu Ca Mg Si Al O S
M1 Suspended oxide in o 135 60 199 22 423 -
matte
M2 Metal 996 01 - - - - - 03
M3 Sulfide 1 532 09 - - - - - 459
M4 Sulfide 2 520 - - - - - 411
- 36 -
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Fig. 4.17 Changes in the composition of the slag (A) and matte (B) as a function
of time for experiment I compared with the calculation results.
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Fig. 4.18 Changes in the composition of the slag (A) and matte (B) as a function
of time for experiment II compared with the calculation results.
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Fig. 4.19 Changes in the composition of the slag (A) and matte (B) as a function
of time for experiment III compared with the calculation results.
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Table 4.4 Simulation conditions of slag and matte for comparison with reported
experimental data

T Slag Matte
Run No. eénp Mass | Composition, mass % | Mass | Comp. mass %
g FeO Si0O, g FeS Cu,S
I 90 10
11 1573 80 20
111 8 64 36 8 30 70
1\% 90 10
\Y 1473 80 20
- 44 -
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Fig. 4.21 Simulation results of copper contents of slag for FeS input in matte at
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Table 4.5 Simulation conditions of slag and matte for comparison with reported

experimental data

Slag Matte
Run | Temp Mass Composition, mass % Mass Comp.
No. K ’ mass %
g FeO Cu,O SiO, ALO; CaO MgO g FeS
A | 1573 | 100 | 50 1 33 5 6 5 530~ 100
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Fig. 4.22 Simulation results of copper content of slag at 1573 K according to
FeO/SiO, ratio and slag/matte ratio.
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Table 4.6 Initial simulation conditions for different slag and matte compositions for

additional sulfide mass at 1573 K

Collection @ chosun

Slag Matte
(I:\?(I)C“ Weight Composition, mass % FeO/SiO; | Weight FeS
kg FeO Cu,0O SiO, ALO; CaO MgO ratio ton
2
A 40 1 38 5 11 5 1 1.5
1
2
B 1000 45 1 36 5 8 5 1.3 1.5 100
1
2
C 50 1 33 5 6 5 1.5 1.5
1
- 5’] -
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Fig. 4.24 Simulation results of copper contents of slag (a) and matte (b) according
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Table 4.7 Initial compositions of the slag and matte for additional sulfide mass at

1573 K
Slag Matte
CI\?(I)(.:‘ Weight Comp?sition, mass % Weight FeS | CuS
kg FeO Cu,0O SiO, AlLO; CaO MgO kg

100 O

A 1000 | 90 10
80 | 20

100 O

B 1000 50 1 33 5 6 5 1500 | 90 10
80 | 20

100 O

C 2000 | 90 10
80 | 20
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Fig. 4.25 Simulation results of copper contents of slag according to CaS/FeS ratio
and temperature change.
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Table 4.8 Initial simulation conditions for different matte compositions and
temperature at Matte/Slag ratio of 2

Slag Matte
Calc. | Temp., Composition, mass % CaS/FeS
No. K - FeS | CaS .
FeO Cu,0O SiO, ALO; CaO MgO ratio
100 0 0
A 1573 80 20 0.3
60 40 0.7
100 0 0

B 1673 50 1 33 5 6 5 80 20 0.3
60 40 0.7

100 0 0
C 1773 80 20 0.3
60 40 0.7
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Fig. 4.27 The change in Ps,/Po, according to Matte/Slag activity ratio.
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