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Abstract

This study was conducted to fabrication pig iron containing copper and to reduce sulfur content pig iron. Roasting test was
conducted for 1 ~ 9 hours at each temperature of 500 °C, 700 °C, and 900 °C. In addition, the effect of oxygen partial pressure
with 0.5, 0.8, and 1 atm was carried out for 30 minutes at 900 °C. It was found that there is no effect to reduce sulfure in pig
iron through roasting and oxygen partial pressures. The addition of CaO with 15 wt.% was found to reduce sulfur content up
to 0.001 wt.%. The suitable temperature and reactive time for carbothermic reduction were 1600 °C and 30 minutes which shows
the highest recovery rate of iron from the copper slag.
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Table 1. Chemical composition of the copper slag used in

this study (XRF)
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Table 2. Chemical composition of the copper slag used in

this study (SEM-EDS)
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Element (wt.%) Element Weight% Atomic%

Fe, 04 38.51 O K 36.39 58.48

SiO, 21.17 Na K 1.56 1.75

CaO 16.25 Mg K 1.60 1.70

Al,O4 7.75 Al K 4.97 4.73

ZnO 6.27 Si K 12.93 11.84

MgO 2.61 P K 0.71 0.59

CuO 2.09 K K 0.33 0.22

MnO 1.34 Ca K 9.98 6.40

P,0s 111 Ti K 0.39 021

Na,O 1.02 Cr K 0.24 0.12

TiO, 0.72 Mn K 0.90 0.42

K,0 0.58 Fe K 26.14 12.03

Cr,04 0.58 Cu K 0.67 0.27
XA 34 (X-ray Diffraction) @ SEM-EDS &4 A3} S AES Shesla lon, S AES FeSet Cu,Sel
= Hehd Aol Fel=A EASkL Yok S e FE S0, 7k

213t Roasting 2E
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e vk wsel Wt askE 4 g,

3FeS + 50, = Fe;0, + 350,
2FeS + 3.50, = Fe,0; + 280,
CuS + 1.50, = CuO + SO,
Cu,S + 20, = 2Cu0 + SO,

P2 W »ESe S RS AAB] S8
roasting AHS HAAIEILE ARSI dAHFY
™ B CaMgSi,
Fe,(SiOy)
] ,
£
E
10 2'0 3'0 4'0 5'0 GIO 7'0
2-theta(Deg.)

80

2 4
Full Scale 751 cts Cursor: 0.000

Fig. 1. XRD patterns and SEM-EDS results of the particle of the copper slag before the reduction reaction.

AAEPe1EE A 28 A Al 3 &, 2019




62

Lo ©7Re)] 50 go Exﬂ %ﬂl
ZojlA AHS 73 —3}9}3}
AIZWRA 2AZF Z¥H o2 A7
RS=

=]
Eu

222. s AR AAZ ¢
A &5 AHES AX HAEF
AA 0}71 e Aoz ARAR
< Lﬁﬂo}‘%ﬂ} FAEEHIE %l@m] LIS ?é}
31 o 2 FeSet Cu,So| FE|Z2A EAg,
F2 S0, 7L§«1 Asle] o3 FAEEH 2R
AAL 5 ot Fe g Wkl wel ks
AT

—1> o o do i NIO
_VE flo ok mat

3FeS + 50, = Fe;0, + 350,
2FeS + 3.50, = Fe,0; + 280,
CuS + 1.50, = CuO + SO,
Cu,S + 20, = 2Cu0 + SO,

geel =76l 50gel BARLHIE 3
w91 R dig A,

=n=

223. S AE AAS Y3 A7A| %o E A
& A= Az AEH =2 el s 4

A7E7] 98] A kel 27 Wslel] me

st A7HE Ca0E AR5t

Ca0% olg3le] BFHE 3%

ofzfjol] LR ATt

FeS + CaO = CaS + FeO

FeS + 12C + CaO = CaS + 1/2CO, + Fe
FeS + C + CaO = CaS + CO + Fe

o
=

o
=

4ge
stk 1 79l

O XSO o
o=

l

FeS + 4/3C + CaO = CaS + CO + 1/3Fe;C
FeS + 5/6C + CaO = CaS + 1/2CO, + 1/3Fe;C
Cu,S + C + CaO = CaS + CO + 2Cu

Cu,S + 12C + CaO = CaS + 1/2CO, + 2Cu
Cu,S + CaO = CaS + Cu,O

AH Eefao] S CaS, MnS, FeS o2 F=E
sigtE o), AR MgSe] oz EA i),

FAEEY 2ol FHE o S AES CaS HHIE
H3LA7]7] S8 FH7tslord Ca02] TS AlAtsIl L,
I dHolHE vgeE A¥S 38 AIE Table 30
LR A

A AFRE v o2 CaOAMFS 5%, 10%,
15%, 20%, 25% A 7K 2702 A¥S 783}
Fom, &= 1600 °CAA A7F fFARASE A3

AM—"1, T

= st

=

o)l
AT

224, 9% 2w 2 AE 35 AY
FAEEY 2NN FHE AEH(Fe-Cu Alloy)
sb7] 918l Edlre] §X% S %W
o] 3 Aol wat 1300 °CH-El 1600 °C2] &
JOHH FAbeY 12T FHE &
85Tt

f}; ZA9 2Ee
0 °CE Alfﬁ} El!
30—.—_& r gas ¥%17]1 274 300 cc/min®]
o2 AFE APt

Zef
A= o_] A

1=2]
=

Rk ’“1’411«1

HE x
n=

Hmﬁ
ru*E

1,300 °C, 1,400 °C, 1,500 °C,
AYg APt AN

Eh==2
zA

-

FE

E'_

22.5. Wb AZb] w2 AE 3|4 AY

FAEEY 2NN FEE AEH (Fe-Cu Alloy)
st7] Qs Elze) 4 Sl 4
39 A% wel SERE 3087 A7k
oA FARESYLZRE] FHE AFHS S

2~

A=

R

oE rjg i
o b

2 Age ARsck
AY 229 A §F F SE, 108, 158, 20%,
250z ARt st AU AT, FAALS

m

3022, Ar gas 97] 2704 300 cc/min®] =
o2 AFS s

Table 3. Effect of calculation method of CaO addition

Basicity, B 0.8 0.9 1.0 1.1 1.2
CaO addition of calculation method, wt.% 4931 9.556 14.181 18.8.5 2343
CaO addition of actual experiment, wt.% 5 10 15 20 25
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Fig. 2. Results of desulfurization roasting depending on
temperature and time.

Table 5. Result of desulfurization by oxygen partial pressure

Oxygen content S content (Wt.%)
percent
raw sample 0.137
0, — 0.5 0.14
- 08 0.17
0, — 1.0 0.14
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Table 4. Results of desulfurization roasting depending on temperature and time

500 °C S (xﬁzm 700 °C S (ch‘zize)m 900 °C S (;z.llf)m
1h 0.131 1h 0.135 1h 0.134
3h 0.129 3h 0.139 3h 0.147
5h 0.135 5h 0.141 5h 0.149
7h 0.133 7h 0.140 7h 0.142
%h 0.140 %h 0.136 9h 0.152

AAEPe1EE A 28 A Al 3 &, 2019



Table 6. Effect of calculation method of CaO addition
Basicity, B 0.8 0.9 1.0 1.1 1.2
CaO addition of calculation method, wt.% 4931 9.556 14.181 18.8.5 23.43
CaO addition of actual experiment, wt.% 5 10 15 20 25
S content in pig iron 0.016 0.007 < 0.001 < 0.001 < 0.001
P content in pig iron 0.85 1.22 0.76 1.69 1.55
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Table 7. Chemical composition of pig iron separated by high temperature reduction melting from copper smelting slag according

to reaction temperature condition

Element Temperature Si P Cr Mn Fe Cu
1,400 °C 5.53 3.84 1.33 1.43 84.75 3.11

Weight. % 1,500 °C 4.09 4.00 0.99 1.12 86.17 3.62
1,600 °C 2.94 4.62 1.25 0.81 87.45 2.93

Table 8. Chemical composition of slag separated by high temperature reduction melting from copper smelting slag according

to reaction temperature condition

Element Temperature o Na Mg Al Si K Ca Ti Fe
1,400 °C 42.41 1.26 1.90 6.92 15.43 0.33 14.16 0.31 17.28
Weight. % 1,500 °C 44.23 1.16 2.08 7.89 16.57 0.60 15.25 0.51 11.71
1,600 °C 49.16 1.08 2.83 9.82 18.57 0.46 17.52 0.56 -
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Table 9. The components of the pig iron recovered after the high-temperature reduction melting at the reaction time condition
of 30 minutes (SEM-EDS)

Element

Si

Cr

Mn

Fe

Cu

Weight%

2.94

4.62

1.25

0.81

87.45

2.93

Table 10. The components of the slag recovered after the high-temperature reduction melting at a reaction time of 30 minutes

(SEM-EDS)
Element (¢} Na Mg Al Si K Ca Ti
Weight% 50.47 1.04 293 10.01 17.03 0.46 17.74 0.33

reaction time condition change (XRF)

Table 11. Chemical composition of slag separated by high temperature reduction melting from copper smelting slag with

Weight %
Element 5 min 10 min 15 min 20 min 25 min
after melting after melting after melting after melting after melting
SiO, 35.9432 39.0488 42.4491 44.9266 46.2493
CaO 21.2649 22.5585 25.5539 26.1175 26.5678
Fe,04 19.5529 14.3199 8.6884 4.4716 3.8815
AlLO; 11.1952 12.5388 12.9748 14.3574 14.4895
MgO 3.5358 3.6987 4.4611 4.0977 3.8815
Na,O 2.3889 1.9345 1.9807 2.1488 2.5573
MnO 1.4541 1.4314 1.8644 1.5116 1.6205
Cr,04 1.0023 1.2131 1.1693 0.7277 0.7521
TiO, - 1.0933 - - 0.9919
K,0 0.7702 0.8638 0.8583 1.0269 -
P,O5 0.8757 0.7271 - - -
ZnO 2.0169 0.572 - - -
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reaction time condition
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