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Abstract: Titanium dioxide (TiO,) in titanium-bearing electric furnace molten slag is characterized by
complex mineral phases, low titanium grade, and high impurity content, which greatly increases the dif-
ficulty of titanium separation and enrichment. In this work, a combined process of microwave roasting
and separation was proposed to realize titanium enrichment from titanium-bearing electric furnace mol-
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ten slag. The effects of microwave roasting on the separation and enrichment of titanium-rich phases
(mainly anosovite) were systematically investigated, and the process parameters of microwave roasting,
alkaline leaching and flotation were optimized. Based on experimental results, grinding efficiency, flota-
tion recovery, and comprehensive analyses of XRD, SEM-EDS, and Zeta potential, the regulatory
mechanism of microwave roasting on the phase composition, microstructure, and phase boundary char-
acteristics of titanium-bearing molten slag was clarified. The results show that the optimal microwave
roasting parameters are as follows: particle size of 1-5 mm, microwave power of 2 400 W, roasting in a
corundum crucible, and heat preservation at 900 “C for 20 min. Under these conditions, the proportion
of ground particles finer than 74 pum increases from 63% for the raw slag to 96%, which significantly
improves the mineral dissociation efficiency. Microwave roasting generates thermal stress cracks via se-
lective heating, which weakens the interfacial bonding strength between anosovite, magnesia-alumina
spinel and titanaugite, thereby providing favorable conditions for the subsequent efficient separation of
titanium-bearing phases. The optimal alkaline leaching condition is a NaOH concentration of 20% for 1
h. The best flotation performance is achieved at a slurry pH of 6 and a sodium oleate collector concen-
tration of 30 mg/L. After treatment by the combined microwave roasting—alkaline leaching—
flotation process, the anosovite content and recovery rate of flotation concentrates reach 94.2% and
85.4%, which are 38.2% and 36.1% higher than those of the raw slag treated by the same process, re-
spectively. This study provides an effective and feasible technical route for the efficient enrichment and
utilization of titanium resources from titanium-bearing molten slag.

Key words: anosovite; microwave roasting; titanium-bearing electric furnace smelting slag; separation

and enrichment; titanium resource recovery

0 3%

T EPA F & 1 PERRE S T IR, Hp kA
FHFRMX AR, 29 20%" . (LS00 = PR ok s™
B, 7 50% AR IR E AN TE R R BT i i
LR T T 4T 30% FOBKTIR H T A FIH,
AR IR P . BEE SR & H AR 90, PR
W SR SR AP B A U o3 T AR 3R T & e Fndt
5%, AR = TSk i, HorPik A 509 H
W B AR ARG m R UK & it — 2 e,
A BB A AR P, X2 sk
HREK Y23 B & SR B R — IR R B G 2L

Hiy, XF&EErEFMRAmREZ, 2540
FEWRIR . B B, S L RGR RAE TP,
FARZANEH" AR5 E i iR, 76 65 °C WE Hb
30:1, R /NT 0.85 mm. 2 mol/L BRFRIZH 2 h )
ST HEAHR S 20 min, BEAY RIS TT LA R 98% .
e R S SRR K S B Sk i U TR
Bl B 3 e A BN E SR SRE A M TR
IR BSORR, P8 o A A DO 55 7 =0T 45 i 4
SLTAR AR EAER S . R AR DI
BT SR i N F RN 5, R T $h IRV
L T L X RO 2 AR i TP e AR RCR M 52, AT
FERIEE 75 ~ 150 um BRI 96% L2 AR E 4R

F

TR TiO, & B TE 50% 24, Bh
PEfr, 24500, R AR H AR OT R 2 B4 v e SRR
AR T, BT @R N S AT
T o B TR 3 - 7K 15 Ah BRAEE A A H P 1 s o HEL
BAERRL S ARER, TS = AT A iR R AR A
WERE RS, BUS TR EFIR . %
MW KOH A Ak M), DLZRAR T2 S - P 4
AIERIE ARG JFURE, R B s I X A TRk
PEALBE, B bR B i TP BT 2 g B M A RO
() EEER TR B A B BR TR B v, R B rh BE AR AR iy
AT HE AT 5540 SV T K R FRER ANRERR LR . BF
SERIR, TERBR LN 1:2.1 JEBEIRE 700 °C Kok
BHE] 1 h ISR, A5 20 A0 D K R B0 1 737 S 1 e
5k, FLBEERAR S A1 BRI A 55, B RO s B T 8koT
ENiifumes o=t NS L SN VAN L) L A E Y a1
SRR KUT MG (K,0 5 TiO, W i b)) &
A IR AERTREP A BRI . DABAERRIE & F F A58
(g F ok}, 2ot IS S, 7E 850 °C SR
BT ANERRERAK AT, I LA T A PR Y
PP A S AR T 4, 2 T U I NHLHLPO, #E
TG AR be—H B iRI= 1, BEJS U8 N NaOH E1 T35
R KR — BRI ) 0 T 2R LA 45 0
i BB, XA R T A SRR E,




534

Wh o 20, S RO Be B  BR A A I3 0 R 0 8 e 4R -3

B NH,H,PO, RE % A RUBEIR B BkA [ 1 45 1,
153 TiO, & &£ T &40 A M, A 15 2/ & SOk
TiO, FHikE] 93.2%. A S ek /AT s,
H 3 ZPIRILR oy 2 2 PRTBE, BRI 1 oK
R, FMF IR, AR REFEAA RS o o (ol T
IR EE PR PR INEASA S R R TR e
SR ST A T MR . F R i e
TR BRAN R Bk A B AT R i WO A R

Titanium-
bearing
electric molten slag

Microwave-assisted
roasting

17T 3 PR T A 242 58 W i, 3 et A
BN T7 TCRENE P W AR -5 55 WA = A s
SV, B, B BRI S s I B 3 L R
BRER | TR T2, TR T S B i o SRR Y
AT

1 RBHL
IR 1 R

Washing,
Crushing and suction ﬁlt.ration
; and drying g
screening
to 74 um

Alkaline leaching
in reactor

Flotation

B1 iR

Fig.1 Experimental flow chart

L1 i R S As
e W] EE I B PR D 7 NG a0 6 i -
R AR R . AR AR | SRR ER I BB
BEAL AP B A BRA R LBk A R HEAR B AL 7
R BR A w5 A ARBEN B _LIRERT R T AR AR B
O BRZ R IR Ml SN BRI A T
PREBOHERSCA FRA R B G4 o 7 A2t

R1 SHBPBIEEENSREE

Table1 Main components and basicity of titanium-bear-

ing electric molten slag %
CaO Si0, TiO, MgO AlLO; R
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Fig.2 Main phases of titanium-bearing electric furnace
smelting slag
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Fig.3 SEM images of titanium-bearing electric molten slag and elemental distribution on mineral surfaces
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Fig. 4 EDS spectra of smelting slag
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Table 2 Analysis of surface elements content of main phases in smelting slag
MgTi,05 Titanaugite MgALO,
Elements
w/% V1% w/% V1% w/% V1%
(0) 26.89 48.57 34.34 52.53 41.84 56.93
Mg 7.42 8.80 9.06 9.12 7.20 6.45
Al 5.15 5.49 9.94 9.02 27.17 21.92
Si 1.78 1.83 12.29 10.72 9.50 7.36
Ca 0.27 0.19 10.50 6.41 9.54 5.18
Ti 58.39 35.12 23.88 12.20 4.75 2.16
x3 RBFEEE
Table 3 Main experimental equipment
Equipment/ device Specification and model Manufacturer
Microwave high-temperature experimental furnace LY-6KW-XS Shanghai Longyu Microwave Equipment Co., Ltd.
MoSi, rod high-temperature tube furnace Self-made
Flotation machine XFD-1L
X-ray diffractometer D/max2500 PC Rigaku
Scanning electron microscope TESCAN VEFA 1T Tescan
Constant temperature drying oven DHG-9245A Shanghai Yiheng Scientific Instrument
Electronic balance JA2003N Shanghai Precision Scientific Instrument
Planetary ball mill Retch PM100 NETZSCH
X-ray fluorescence spectrometer ZSX Primus I1I+ Rigaku
Zeta potential analyzer Zetasizer Nano ZS90 Malvern Panalytical

Water bath kettle SN-HWS-2
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Fig. 5 Influence of particle size, power and crucible on microwave roasting characteristics of molten-separated
titanium slag
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Fig. 8 Mineral phases of titanium-bearing smelting slag after microwave holding sintering at different temperatures
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smelting slag pre- and post-sodium oleate adsorption
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Fig. 11 Phase changes of leached smelting slag under different alkaline leaching conditions
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