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Table 1

fraction, %)
FeO Fe;0, MgO CaO SiO,
47.65 594 251 254 30.50

Chemical composition of copper slag (mass

A1203 Cu S
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Fig. 1 Schematic diagram of experimental device: (a) Kettle

body structure; (b) Kettle cover structure
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Table 2 Mineral composition and relative content of copper slag

Type Mineral Formula Content, w//% Size/mm
Amorphous state Vitreous body SiO,, FeO, Fe,0;, AL,O3, MgO 40-50 -

Sulfide Bornite CusFeS, 1.0 0.001-0.8

Fayalite Fe,Si0, 40-45 0.0001-0.05
Silicate

Dicalcium silicate Ca,SiO, 2.0 0.005-0.8

Oxide Magnetite Fe;04 7 0.0002-0.8
Elementary substance Copper Cu Little 0.005-0.04
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Table 3 Analysis results of copper phase in copper slag

Phase Mass fraction/% Distribution rate/%
CusFeS, 0.47 73.44
CuO 0.02 3.12
Cu 0.13 20.32
Others 0.02 3.12
Total 0.64 100

x4 HETRYRYM AR

Table 4 Analysis results of iron phase in copper slag

Phase Mass fraction/% Distribution rate/%
Fe,Si0, 33.28 80.46

Fe;04 5.13 12.40
CusFeS, 2.06 4.9

Others 0.89 2.15

Total 41.36 100
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Fig.2 XRD pattern of copper metallurgical slag
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Fig. 3 SEM image and EDS spectra of copper metallurgical slag: (a) SEM image; (b) EDS spectrum of spot 1; (¢) EDS

spectrum of spot 2; (d) EDS spectrum of spot 3
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Fig. 4 SEM image and EDS spectra of amplification region 4 in Fig. 3(a): (a) SEM image; (b) EDS spectrum of spot 1;

(c) EDS spectrum of spot 2; (d) EDS spectrum of spot 3
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B 5 AR TR SEM &

Fig. 5 SEM images of element surface scanning of copper metallurgical slag: (a) Cu; (b) Fe; (c) Al; (d) O; (e) Si; (f) S
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Table 5 Composition of leaching residue (mass
fraction, %)
Cu Fe,04 Si0, S CaO ALO;
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Fig. 6 XRD pattern of leaching residue obtained at
optimum process
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Fig. 7 SEM image (a) and EDS spectra ((b), (c)) of
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Fig. 8 XRD patterns of leaching residue obtained at
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H XRD 1[50, BEA&E R MR N,
H (1) FesO4 AHTH 2K FeaSi0g MIAT 5 06 128 T ok 55 ¥ 2
1M Fe,O5 MIATHHIEIRA 58, XK Fe,SiO4 MHTE
] Fe,O3 AHIEAE . J34h, FEHNG A AR IR L2
B E N IR R B Ak e A N E
Beth, KRS LR e AR P,
T DU TR K T 25 A7 72 1R Tk U % A8 D JE B A 1Y)
Si0,. =R XRD(LE 6) )2 SEM-EDS(JLKE 7)
PIRAELE R SCRFIX — 2500, 5 SRRk N
B AERREE . BRI IR W R AT AR

A0, N IR AR MR LA, VA R AR
&%ﬁME&&ﬂﬁ¢IEﬁEWT%%%&FO

F62Si04+H2SO4+02—>F62(SO4)3+Si02+H20 (3)
CUSFCS4+H2SO4+02—>CUSO4+F62(SO4)3+H20+S

“)
CuFe;,0,+H,S04+0,—>CuSO4+Fex(S0,)s+H,0  (5)
Fe304+H,80,+0,—>Fe5(S0,)3+H,0 (6)
FeS04+0,+H,S0;—>Fey(S04)5+2H,0 )
Fex(SO4)3+H,0—>Fe,05+H,S0,4 8)

SN T7 R (3)~(8) ) 5 A1 17 H FH g3 14
HLBEIE T AW NS, Ik, TR A A
TR IE AT o SRR IR B 2 G R E AR TR
SRR EER R —, BRI A A4 (137
T L AR 2 R i 2k R SR AL R K AR - REID 2517
IR VAR IR R B, AR Bk £ PR UE AR



772 hEA O RYR

2021 453 H

B SRR B AT . AR ERF SR E
BREAGT], MO & BB AR, e
MER P EL . KETAELZEN R,
TROMANSPO [ 8 A i B PR B AE S 39 iz i
TR AR 5 SR MR 10 e B PEIR
IR R WE RIS RO EERNR R, K
TR LT DR R, B ar+1& i, (HrE
—EREEE LI T RERA H, B TR e
fit - DUFRESNEP R /KK 1 R B 16 R i B 4
DR [3] B SR S E AR V5 A () R e B IR Y, BAG3R
ik pEMERE R I K g e et 7 S kP .

3 #ZEig

1) HIEHRET PRI A, SHT ) EZE LK
WREAEAE, SO0 ) 32 B ARG R BRI A1 (1) T
BAAE, WA DL 5 e A BB 0 1T
AFTE, VKER SR S50 P o A R A 5
RS L R YR, B, B
AT, ZF WA TS, GRS, L
HEERH.

2) RAEERBRERMRH T2, RefRe.
BRHRAT 51, AR R 99% DL E kLA R R
B AH, BRI EICR R, R REAS AR AR AR
FEM, TR, BRI, RPERERRER, XT
WA SN, BAERARRA, 5Tkt

3) FEHIYIRIRLEE 75~150 um, FEUARRIKEE 0.4
mol/L. 2 HHEZ 200 C. ¥ E Ltk 6 mL/g. A&
600 kPa. ¥t [E] 80 min 251 F, 4RI R AE
95.0% LA b, BRI H R <0.6%, FHEMREER<
2.0%, IR KITyEHE R Ak 378.54 L/(m>h). 7E
IR AT, BGHE R R 7
B, BN B S AR R TR R
RLBREAEIME A, AMURD 7ORERERE, 1T HXY
BT R UT

4) VA P A IR R B MR IR H R 4y B Ak
L2, AU T HaEE H RS &8, &
BT R EERE, 0 H AT IR B R IRV 1
BORR, MORFERE LFRAR T ReFE, Wb T X RREEMTS
Geo RERSY KT R, BB EE B AR
B (a-FeyO3 Al p-Fe,O3)FIFESE A SiO, 4k, Hrh

JUFAEH, AiheESERT 0.1%05i 2740,
R AR D9 D0 B Rk R T MR R AR L Bt
OB AL, % TR IR AR S, G
TR v B INEL R, SRR TR A R B R
e TN HEACKLILR H Y, SRS AL P
(AT BT 5 o

REFERENCES

(11 E % % & SGHEE DA W) R R H T
FEM]. AEEC BREEH R, 2013
WANG Hua, LI Lei. Basic research on the application of
recovery of valuable metals from copper smelting slag[M].
Beijing: Science Press, 2013.

21 EWte, w #, ErE, & SRS IR BT

HERET. L THERE, 2017, 36(8): 3066—-3073.
LIAO Ya-long, YE Chao, WANG Yi-yang, et al. Resource
utilization of copper smelter slag—A state-of-the-arts
review[J]. Chemical Industry and Engineering Progress,
2017, 36(8): 3066—3073.

31 B P, PR, RIS KRG IRE I YR
IE SRR B [0]. AR TR SR, 2012, 12(1): 38-43.
ZHAO Kai, CHENG Xian-li, QI Yuan-hong, et al.
Characteristics of water quenched copper-containing slag
and separation of iron and silicon from it[J]. The Chinese
Journal of Process Engineering, 2012, 12(1): 38—43.

[4] ALTER H. The composition and environmental hazard of
copper slags in the context of the basel convention[J].
Resources Conservation and Recycling, 2005, 43(4):
353-360.

[5] CARRANZA F, ROMERO R, MAZUELOS A, et al.
Biorecovery of copper from converter slags: Slags
characterization and exploratory ferric leaching tests[J].
Hydrometallurgy, 2009, 97(1/2): 39—45.

[6] AGRAWAL A, SAHU K K, PANDEY B D. Solid waste
management in non-ferrous industries in India[J]. Resources
Conservation and Recycling, 2004, 42(2): 99—-120.

[71 CARRANZA F, IGLESIAS N, MAZUELOS A, et al. Ferric
leaching of copper slag flotation tailings[J]. Minerals
Engineering, 2009, 22(1): 107-110.

[8] LIAOYL,CHAIXJ, LIJT, etal Study on the reduction of
ferrous compounds disseminated in fayalite, vitreous and
magnetite in dumped copper slag by means of carbonthermic

method[J]. Advanced Materials Research, 2011, 233/235:



31 B3 W

LA), e BHAERERT PRI AR IR

773

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

684—688.

CHENG Xiang-li, ZHAO Kai, QI Yuan-hong, et al. Direct
reduction experiment on iron-bearing waste slag[J]. Journal
of Iron and Steel Research(International), 2013, 20(3): 24,
35-29, 35.

KOPKOVA E, GROMOV P, SHCHELOKOVA E.
Decomposition of converter copper-nickel slag in solutions
of sulfuric acid[J]. Theoretical Foundations of Chemical
Engineering, 2011, 45(4): 505-510.

BANZA A N, GOCK E, KONGOLO K. Base metals
recovery from copper smelter slag by oxidising leaching and
solvent extraction[J]. Hydrometallurgy, 2002, 67(1): 63—69.
ZHAO Guo-dong, LIUC Qing. Leaching of copper from
tailings using ammonia/ammonium chloride solution and its
dynamics[C]// International Conference on Chemistry &
Chemical Engineering. Kyoto, Japan: Institute of Electrical
and Electronics Engineers(IEEE), 2010: 216—220.

LI Y, PAPANGELAKIS V G, PEREDERIY I. High pressure
oxidative acid leaching of nickel smelter slag:
Characterization of feed and residue[J]. Hydrometallurgy,
2009, 97(3/4): 185-193.

LI Y, PEREDERIY I, PAPANGELAKIS V G. Cleaning of
waste smelter slags and recovery of valuable metals by
pressure oxidative Journal of Hazardous
Materials, 2008, 152(2): 607-615.

I Z G XU Z, WANG W, et al. Selective and multi-step

leaching[J].

leaching of valuable metals from scrap copper-smelting
sludgel[J].
642—-645.
ZHANG Yang, MA Rui-lin, NI Wang-Dong, et al. Selective

Applied Mechanics and Materials, 2015, 737:

leaching of base metals from copper smelter slag[J].
Hydrometallurgy, 2010, 103(1/4): 25-29.

B HL, BB, &R, L QRIS Y R
CEAERAT. R EF L, 2015, 24(9): 102-106.

ZHAO Kai, GONG Xiao-ran, LI Jie, et al. Mineralogical
characteristics and comprehensive utilization of rapid
cooling copper slag[J]. China Mining Magazine, 2015, 24(9):
102-106.

XS, &%, FER, & B EREEE S ERE
R MALED]. b EA GRS R, 2014, 14(4):
1091-1098.

LIU Fu-peng, LIU Zhi-hong, LI Yu-hu, et al. Leaching
mechanism of zinc powder replacement residue containing
gallium and germanium by high pressure acid leaching[J].

The Chinese Journal of Nonferrous Metals, 2014, 14(4):

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

1091-1098.

PISEH, o, 20M, & BOR b S ER AR
RN B D] P EA O EE R, 2014, 24(7):
1888—1894.

HE Shi-yue, LI Hui-quan, LI Shao-peng, et al. Kinetics of
desilication process of fly ash with high aluminum from
pulverized coal fired boiler in alkali solution[J]. The Chinese
Journal of Nonferrous Metals, 2014, 24(7): 1888—1894.
HIN, 2o, GHE, & s R R
RIAE]. SR TSR, 2011, 11(3): 442-447.

DU Zi-chuan, LI Hui-quan, BAO Wei-jun, et al. Research on
reaction mechanism of desilication process of high
aluminum fly ash by alkali solution[J]. The Chinese Journal
of Process Engineering, 2011, 11(3): 442—-447.

AT, SildE, iral, & SRR B ARAETRA 5
Tk S RL 3 1 B S0, B W 4Rk, 2012, 30(S):
155-158.

BO Chun-li, MA Shu-hua, ZHENG Shi-li, et al. Research on
kinetics of desilication process of high aluminum fly ash in
alkaline medium[J]. Journal of Chinese Society Rare Earths,
2012, 30(S): 155-158.

Xpels, EFA, HAE, & s RS BUR
FERFFC[I]. R ERHARIR, 2013, 19(6): 24-27.

LIU Xiao-ting, WANG Bao-dong, XIAO Yong-feng, et al.
Pre-desilication process of alumina-rich fly ash in alkali
solution[J]. China Powder Science and Technology, 2013,
19(6): 24-27.

XU H S, WEI C, LI C X, et al. Selective recovery of

valuable metals from partial silicated sphalerite at elevated

temperature with sulfuric acid solution[J]. Journal of
Industrial and Engineering Chemistry, 2014, 20(4):
1373—1381.

HE S M, WANG J K, YAN J F. Pressure leaching of

synthetic zinc silicate in sulfuric
Hydrometallurgy, 2011, 108(3/4): 171-176.

TR, B AR R ERIR AR L 4R B BT ST [D].
B0 RUIE TR, 2016.

HUANG Fei-rong. Research on extraction of cobalt, nickel,

acid medium[J].

and copper from nickel converter slag by oxidative pressure
sulfuric acid leaching[D]. Kunming: Kunming University of
Science and Technology, 2016.

HUANG F R, LIAO Y L, ZHOU J, et al. Selective recovery
of valuable metals from nickel converter slag at elevated
temperature with sulfuric acid solution[J]. Separation and

Purification Technology, 2015, 156(2): 572—581.



774 hEA O RYR 2021 4% 3 A
[27] B, AR, A 48, . (R T AR [29] REID M, PAPANGELAKIS V G. New data on hematite
FRIZAT N K H Bh J1 24 (0], 4k T2, 2015, 66(10): solubility in sulphuric acid solutions from 130 to 270
3971-3978. degrees[C]// DUTRIZAC J E, RIVEROS P A. Iron Control
LIAO Ya-long, HUANG Fei-rong, ZHOU Juan, et al. Technology. Montreal, Canada: Canadian Institute of Mining,
Kinetics and behavior of cobalt extraction from low nickel Metallurgy and Petroleum, 2006: 673—686.
matte converter slag by pressure oxidative leaching with [30] TROMANS D. Oxygen solubility modeling in inorganic
sulfuric acid[J]. CIESC Journal, 2015, 66(10): 3971-3978. solutions: Concentration, temperature and pressure effects[J].
[28] ARSLAN C, ARSLAN F. Recovery of copper, cobalt and Hydrometallurgy, 1998, 50(3): 279-296.
zinc from copper smelter and converter slags[J]. [31] DUFRESNE R E. Quick leach of siliceous zinc ore[J].
Hydrometallurgy, 2002, 67(1/3): 1-7. Journal of Metals, 1976, 28(2): 8—12.

Mineralogical characteristics and oxygen pressure acid leaching
process of copper smelting slag

SHI Gong-chu, LIAO Ya-long, SU Bo-wen, XI Jia-jun

( Faculty of Metallurgical and Energy Engineering,
Kunming University of Science and Technology, Kunming 650093, China)

Abstract: By means of artificial heavy sand analysis, electron microscopy and electron probe analysis, chemical
analysis, XRD, SEM and DES, the mineralogy of copper smelting slag was studied. The results show that copper
bearing minerals in copper slag mainly exist in the form of matte, the iron bearing minerals mainly exist in the
form of magnetite, gangue minerals mainly exist in the form of fayalite. Copper and iron in the slag are inlaid with
each other and evenly distributed, and many minerals are wrapped with each other, so it is difficult to use them
directly. Under the condition of pressure oxygen and low acidity, the leaching process can destroy the structure of
copper and iron, extract copper efficiently and selectively, transform and reconstruct the iron and silicon in the slag
into hematite and amorphous silica, respectively. Under the conditions of sulfuric acid concentration of 0.4 mol/L,
reaction temperature of 200 C, liquid-solid ratio of 6 mL/g, oxygen partial pressure of 600 kPa, leaching time of
80 min and particle size of 75—150 pum, the leaching rates of Cu, Fe and Si from copper smelting slag are more than
95.0%, less than 0.6% and less than 2.0%, respectively, and the filtration rate of leaching slurry can reach 378.54
L/(m*h). Moreover, the iron and silicon in the leached slag are in the form of hematite (a-Fe,Os) and amorphous
Si0,, respectively, and the copper content is less than 0.1% (mass fraction).

Key words: copper smelting slag; mineralogy; oxygen pressure acid leaching; selective leaching; phase
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