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Fig. 1 Flow chart of ecological and efficient utilization of iron-aluminum symbiotic resources
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Fig.2 XRD pattern of pre-reduced ore

B NayO ¥R FE A4 80 g/L NayCOs VA = 1
M ELE 80 CARKIBHAH LA L 10/1(NayCOs ¥
WA SERRESE F R & L, mL/g) I N RS v,
120 min JEfF 1R L, 2abiE. k. T,
WEEE RN T 74 um J5 1 BRAFRC MRS & o BUFEZE10
N R AR R, SRR ST
FEERITTEA LS M) FQ2).

_ m(A/S) calcium aluminate m(A/S) leaching residue 1
Mo = (1)
m(A/ S) calcium aluminate

w, = L @)

RIR, Y (I;/RIR,)
j=1

ﬁ EF‘ : m(A/S) calcium aluminate *D m(A/S) leaching residue %%Uﬂ\j
BRI PG AEEAT AL AR IR R ALO; AT SiO, )
JRELL; wo NFEs T i A E R, % LN i AR

RESWERGHRIE : RIR, % i 400 RIR L, 371,/ RIR))
=l

EE BT AR B R AT S R S S L
Z Hp A,

FIHH X 2858 JAXU(XRF, ZSX100e) 5 it 5™
SRR AL 5 B AT b . TETUE R 548
FRESEFIIAN 10% MgO UM AR THEN A& &,
WA BT R X 5 40T 9 X (XRD, PANalytical
PW3040/60), i EQ20)N 3 (°)/min. F I
L7 52445 (SEM, Shimadzu SSX—550)iF 7T 40 R 45
B RIROR TS X S, IdE R 15 kVe

2 HR5THE

21 BHTEERERSI

£ C/A=1.5. C/O=1.0 4} HI{E 1450, 1500.
1550 A1 1600 °CZ&4F Rl 30 min, B FE4E 7 id )5
5 FE X R R A B AR Y i S AR R PR BRI 5
Wi, 8045 7030 J5 5 AR FR A5V XRD 15 WKl 3 s
T 3 BT, SR iR B T SR RS VA R AH 2H
FE N 12Ca0-7AL05(C1pA7)+ p-2Ca0-Si0,5(C,S) LA
Je/b ) f-2Ca0-Si0,. 2Ca0- Al 05-Si05(C,LAS).
3Ca0-2Fe0-3Si0, Al 20Ca0-13A1,05-3Mg0-3Si0;.
YIRS T = E] 1550 CHY, ARFH
12Ca0-7ALO; FHIE TR IZ BT )k 55, 2Ca0- AL O3 SiO,



436 s A 6 4 24T

2021 42 A

=— CpAy +— Ca;Fe,Si;0y,

e— -GS * — CayAl)Mg,Siz0¢6s
a— C,AS °o— MgO

v—4-CS o— CA

B3 AEE > IE IR T AR RS XRD 1
Fig. 3 XRD patterns of calcium aluminate slag at different

melting reduction temperatures
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Fig. 4 Morphologies of iron and calcium aluminate slag at different melting reduction temperatures: (a) Iron at 1450 C;

(b) Iron at 1500 °C; (c) Calcium aluminate slag at 1500 C



H31BH 2 W

T, S BRI A IR R R AR AT 437

87
84
81t
78
75+

72

Alumina leaching rate/%

69 -

66

1450 1500 1550 1600
Reduction temperature/'C

5 AFERE R T IR S A AL ERIR R
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Fig. 6 XRD patterns of calcium aluminate slag for

different melting reduction durations
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Fig. 7 Alumina leaching rates of calcium aluminate slag

for different melting reduction durations

R 2 AFYE S IE TR 8] TR A A
Table 2 Mineral compositions of calcium aluminate slag for

different melting reduction durations
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Fig. 9 Alumina leaching rates and FeO contents of

calcium aluminate slag with different C/O values
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Fig. 10 SEM and element scanning images of iron pellet: (a) Back scattering image; (b) Element distribution; (c) Fe; (d) C
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Table 3 Mineral compositions of calcium aluminate slag
with different C/A values

C/A Mass fraction/%
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Fig. 12 Alumina leaching rates of calcium aluminate slag
with different C/A values
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Mineral transition of iron-aluminum symbiotic ore during
melting reduction process

YU Hai-yan"?, ZHANG Ji-hao"?, PAN Xiao-lin"*, WEI Bo-wen’, BI Shi-wen’

(1. Key Laboratory for Ecological Metallurgy of Multimetallic Mineral (Ministry of Education),
Northeastern University, Shenyang 110819, China;
2. School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: Based on the new technology of “non-blast furnace to extraction and calcium aluminate slag to extract
alumina”, the effects of temperature, time, carbon-oxygen ratio(C/O) and calcium-aluminum ratio(C/A) on the
formation and transformation behavior as well as the alumina leaching performance of calcium aluminate slag in
the smelting reduction process were studied. The results show that when the melting temperature is higher than
1500 C, the separation performance of slag and iron is good, and the calcium aluminate slag with good
self-pulverization performance can be obtained. Over high C/O value is not conducive to the aggregation of iron
phase. The smelting reduction conditions have little effect on the mineral types of calcium aluminate slag, which
mainly includes 12Ca0O-7Al,0;, y-2Ca0-Si0,, and a small amount of A-2Ca0-Si0O,, 2CaO-Al,0;:Si0O,,
3Ca0-2Fe0-3Si0, and 20Ca0-13A1,05-:3Mg0-3Si0,. With the increase of melting temperature and C/O value,
the contents of 12Ca0-7A1,0; and 2Ca0O-Al,0;3'SiO; in calcium aluminate slag decrease, which result in the
decrease of alumina leaching rate. With the increase of C/A value, the content of 12Ca0O-7Al,0; increases, and the
content of 2Ca0O-Al,05-SiO, decreases significantly, which improves the alumina leaching rate of calcium
aluminate slag; but when C/A value increases to more than 1.8, the formation of 3CaO-Al,O; decreases the
alumina leaching rate. The optimum conditions of smelting reduction are as follows: temperature of 1500 ‘C, time
of 30 min, C/O value of 0.6, C/A value of 1.7. At this time, the separation of slag and iron is good, and the
alumina leaching rate of calcium aluminate slag reaches 89.03%.

Key words: iron-aluminum symbiotic ore; melting reduction; alumina leaching; calcium aluminate; pulverization
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