531 B 6 M rERERERFR

Volume 31 Number 6 The Chinese Journal of Nonferrous Metals

DOI: 10.11817/j.ysxb.1004.0609.2021-35991

$RE R AGE R 32
— SLREEB R R AR

keeg ', kX3!, ko', amyl, Rog L’

(1. T RY: RRESHE TR, Bl 430070;
2. R T RZ: W RN TS EIMAeE 8 s s, Bl 430070)

2021 4F 6 A
June 2021

Figra b2

OB BRI R R R ) B AR S, B IAE SRR S B R BRSO A 1 )
AR TR E S . ASCRIA XRD. SEM #1 EDS Xof 4l v fc 004 5 72 v 1 S AT REAT 07T, A Bh L
RSG5 5 1 R Wb S A RE(SIO) A AR VA A1k, JF B XPS J TEM 73 & ARV Si0, [BE AR K
TERALER . Z5 R AR b ) S SR DO BN G MBEERD™ B B T BRI A AR . BRAIONE 22t
TR ST I3 00 e SR R S [ VA A, L BE T v (e s A S RV R e AR D T A o [ 1, BB B i R RS
He KRBT SI0, KBk 135 % MR L A S AN D5 A S ) i AR S5 4, (HAERIOI AT AR S ST 3077 AE . 3
T 110 CEEMNANER

R I, BRINEIE @JEEk: AEREA T oL R

XEHS: 1004-0609(2021)-06-1591-10 FESHES: TDI8Y XEkPRERD: A

SISTAES: FUEFH, TkieT, JkoChE, &5, HEERHAGE JE R o T A AR I TR LR D], T EA 8 )R
224k, 2021, 31(6): 1591-1600. DOI: 10.11817/j.ysxb.1004.0609.2021-35991

WANG Hong-yang, ZHANG Xiao-xue, ZHANG Wen-tao, et al. Formation mechanism of silica solid solution
during carbothermal reduction of copper slag[J]. The Chinese Journal of Nonferrous Metals, 2021, 31(6):
1591-1600. DOI: 10.11817/j.ysxb.1004.0609.2021-35991

FEF AT g JEm AR R B R T AR R R ) T S R AAR R RO A AR A

REJEEE —AE. Tl B2 80% 4 /&% F K a1 T
SHHTAERE, AR 1.0 t S A 2.0~3.0 t 4
EUD WG, A ERARAE P AR A R ik
3000~4000 73 t, H EEFEL 4 1500 75 t 4EE ),
F 4V A AR R Y, FLHEAF A B AN o F K
b, T O B T B B S
30%~40% Fe Fl 35%~40% SiO,, HABZEAK N
LS. BEL B M. BESTL, T AE ek
o T B E BT A RT3k S A (TFe >
27%), DRI, 4k RS S EAR 7 £ 5 A R
FI, TR BB Ak b HHE A7 5

FLARHIO A RREARAT () J i LE 2 5~100710) Jid
Wik T 2] SELARE th e s B B e
&, mMTHSEARBUERERY I R
%o BRAIORIAT BATRRUE (K% di A 4540 T A DA S Ik
ARERIA R0 8 o B AR PR RN 11 20 i
BREALYIAN SiO,, 5 B4 HIR I W] S Bk AL 1)
(o acE . SR, SR AR e T
TZACEAERS, MR, S TR R
BENTEA, B A3 SRS M AR DRk R
R RN, B BB S AT AR 1 A B
SREGYER & BB ARRETERT S10,, JRSEA BT -

EEWB: EREMREEESTINTH (52004194); [ 1H 4 5R} =R 4T BITH (2019M662733);  H S mE AR 55 2% % 10

Pt 4 ¥ Bh I H (2020-ZH-B1-08)
WHSHHA: 2020-08-03; 1&ITHHEA: 2020-12-24

BIEES: Ty, BhEFR, 4 ik 18229790554; E-mail: hywang3@whut.edu.cn



1592 o EA 4R AR 2021 46 A
T3 T 2 SE I TR Bk A [RTUAC S B Bk TG Ji
B, FrfSik SRR = b & @ BBk N, SF R . v— Fayalite

* — Magnetite

SFANT 10 pum, 3 S SRR RS AR Ak A B
(R TR B G SRR et A2 R AR I NapCOs Al
CaO 27U, Ay g R ik SR RS B P b )R
BRI ST, R AR s R RS R R A A (R
Ko BRIGE SRR T 2R S IVER 1 B 40 5
B, WEREN T ERRHMELUALE. fEERT,
A SAE 4 R — R T 25 DA S E A Y A A Ji
R AR I A SRS, SR, B
T IR S R ) RBAT A, AR R G e 7= )
oS0, Bl AR (1) T AL ER ) = BF 5%

f£B5F XRD+ SEM Al EDS 43 b T B4 i i
AL 5 T o B WA B AR B A A AR AT
RAMBEA, @R L E 5 T I JE R R =)
SiO, [H AR ¥ fige ik, Ik —P @i XPS M1 TEM
X IE SR SRR SiO, [ VAR AR T AT Ik
WA, 30 IR O oL .

| S

1.1 MRS

SEEG P ARSI B G A e R LR, R
Wl 2 LA — Ik T2 SR Y fE e, Ak
ot R & XRD AR 1 AE 1. HEK 1
LA, MRS TFe M SiO, S E(RES )N
43.91%F1 33.61%, 1M £ A1 4T I & & 5 ) =ik
2.98%H1 1.72%. B 1 WIAH A a5 SRR, Wik
(1) 3= EEAR 2 O BRI A AN k™, AR A A
B BRI, SRS ZE T ARSI .

Hi¥& ) SEM-EDS i RILE 2 &3k 2. 25
A3 2 1 EDS 20t 45 SR vl i, v R R 32 A A
WA SN, R T ML A S AR, R K
FIR AR IR A R R A RN . Wi 1B
7N, XRD HEH AR R I SR I REAE U, 10 B VA

T A SR SRR R AR AL SE AL

1
10 20 30 40 50 60 70
20/(°)

1 4R XRD
Fig. 1 XRD pattern of copper slag

Fig.2 SEM image of copper slag
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Table 1 Chemical compositions of copper slag (CS) and reductively roasted copper slag (RRCS)

Mass fraction/%

Composition
TFe MFe SiO, Zn

Pb CaO MgO ALO; CuO S

CS 43.91 0.06 33.61 2.98
RRCS 50.52 46.79 39.02 0.03

1.72 1.19 0.80 0.42 0.25 0.12
0.13 1.98 1.21 1.54 0.31 0.23
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Table 2 EDS analysis results of copper slag
Mass fraction/%
Position o Fe Si Al Zn Ca K Na Pb
A 31.15 - 68.85 - - - - -
B 13.65 63.87 19.34 - 3.14 - - - -
C 14.72 57.48 23.60 - 4.20 - - - -
D 27.29 5.73 40.56 21.38 - - 5.04 - -
E 13.56 5.93 28.52 3.53 1.88 0.36 1.88 0.63 43.71
R3 BEIVER
Table 3 Properties of coal powder (mass fraction, %)
Proximate analysis of coal powder Main chemical composition in coal ash
FCyu M,y A Vi SiO, ALO; CaO Fe,0; MgO TiO, Na,O
80.78 1.70 10.18 9.04 40.04 25.98 16.36 10.77 3.24 0.57 0.98

FC—Fixed carbon; M—Moisture; A—Ash; V—Volatile matters; ad—On air dry basis
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Fig. 3 Reduction degree of iron in copper slag
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Fig. 5 SEM images of reductively roasted copper slag: (a) 1100 C; (b) 1150 C; (c) 1200 C; (d) 1250 'C
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Table 4 EDS analysis results of reductively roasted copper slag

Mass fraction/%

Position

O Fe Si Zn Al Ca Mg
A 13.56 63.80 19.50 3.14 - - -
B - 100.00 - - - - -
C 30.16 2.18 67.66 - - - -
D 13.29 63.29 19.56 3.86 - - -
E - 100 - - - - -
F 29.43 3.08 67.49 - - - -
G 13.58 64.41 19.20 2.81 - - -
H - 100 - - - - -
1 29.96 2.02 68.02 - - - -
J 31.32 - 68.68 - - - -
K - 99.33 0.67 - - - -
L 31.07 2.74 60.26 - 3.13 1.46 1.34
M 30.32 222 67.46 - - - -

AL 10 um, {H2KER 5 4 8 SR R S 1/
10 umo BEAh, & @MUk Fl SiO, FukL 3 B EATE

—ifd, HAR > 5 R PRI Si0, MORL AT (5% - PRIt
M A — R T2 DLSEBUE JEURE e P v e I
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Fig. 6 Leaching results of silica in reductively roasted

copper slag (Leaching condition: 110 ‘C, liquid solid ratio

of 10:1, NaOH concentration of 160 g/L)
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Fig. 8 XRD pattern (a) and XPS spectra for Si 2p (b) of tailings
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Table 5 Magnetic separation results of reductively roasted copper slag at 2.0 T
w(S10,)/% w(Fe)/%
Product Yield/%
Content Recovery Content Recovery
Concentrate 88.22 32.97 74.53 56.28 98.51
Tailings 11.78 84.38 25.47 6.37 1.49
Raw material 100.00 39.02 100.00 50.40 100.00
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Fig. 9 TEM image(a), EDS spectrum(b), area-scanning images((c)—(f)), SAED pattern (g) and HRTEM image(h) of tailings
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Formation mechanism of silica solid solution during carbothermal
reduction of copper slag

WANG Hong-yang"?, ZHANG Xiao-xue', ZHANG Wen-tao', ZHANG Xuan',
BAO Huan-jun', SONG Shao-xian'?

(1. School of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan 430070, China;
2. Hubei Key Laboratory of Mineral Resources Processing and Environment,
Wuhan University of Technology, Wuhan 430070, China)

Abstract: Copper slag is the main solid waste generated during the pyrometallurgical process of copper. Fayalite
as the main phase in copper slag can be decomposed into metallic iron and silica through carbothermic reduction,
thereby benefiting the enrichment of iron. In this paper, the reaction behavior of copper slag during carbothermic
reduction was studied through the analysis methods of XRD, SEM and EDS, meanwhile the alkali leaching
experiment was introduced to test the solubility of silica in the reductively roasted copper slag, and ultimately the
formation mechanism of silica solid solution was discussed combined with the analysis results of XPS and TEM.
The results show that fayalite and magnetite are the predominant phases in copper slag, and zinc mainly exists in
fayalite. During carbothermic reduction process, fayalite firstly decomposes into metallic iron and quartz solid
solution, then quartz solid solution converts into cristobalite solid solution with increasing temperature. Meanwhile,
the zinc in fayalite is removed by vaporization. Due to the doping of iron, the silica from the decomposition of
fayalite by carbothermic reduction has the similar crystal structures with quartz and cristobalite, but is still in
amorphous state on the micro, resulting in the violent reaction between the silica solid solution and NaOH solution
at 110 C.

Key words: copper slag; carbothermic reduction; metallic iron; quartz solid solution; cristobalite solid solution
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