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Abstract

Titanium slag is the core raw material for titanium dioxide production, but its inherent impurity
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elements such as Ca and Mg severely affect the purity of titanium dioxide products. Taking titanium
slag as the research object, this paper systematically explores the feasibility of purifying titanium
slag by oxidation method using orthogonal test, combined with component analysis, oxidation char-
acteristics research and other means. Through precise detection technologies such as X-ray diffrac-
tion (XRD), the changes of titanium components in titanium slag before and after oxidation treat-
ment are compared and analyzed, and the physical metallurgical separation method for titanium-
bearing phases in oxidation-modified titanium slag is further studied. The results show that oxida-
tion treatment has a negligible effect on the chemical composition of titanium slag but significantly
changes its phase structure; titanium is mainly enriched in rutile phase, while impurities such as Ca
and Mg are concentrated in silicates and anatase, and this phase transformation provides theoreti-
cal support for physical metallurgical impurity removal. The research on the magnetic separation-
flotation combined process indicates that the TiO:z grade of concentrate reaches 75.25% after direct
flotation for impurity removal; magnetic separation can effectively remove magnetic impurities
such as Fe oxides, and the tailings after magnetic separation can further remove impurities such as
Ca and Mg through flotation, with the final TiOz grade of flotation concentrate increased to 79.33%.
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RIRN BRI . BEE RER AR AN GEIR T L0 H 2t AL, A fr )2 5 B AT ORI AR, SEE IR
B, TELEREL, CHOVRERRECE . KL, TGO RUARERIEAAHEAR, X
RIS e FRTH BHIEA AR B SRIZ (5] (6]
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B E ISR R AL IS, (ER A EAR, BT R BRI R A BR[14] [15].
ASLUVRE NI TN R, RAIIESS K%, a R T FARHERT TS T B, RGR T AEME
FRARE AT . i X SHZRAT S (XRD) RGBT, X Eo 73 S A Ab B AT 5 SR R4 70 1A
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Table 1. Main chemical components of caw materials
= 1. FEREKEEENER S

[ a=30% TiO2 TFe AlLO3 CaO MgO SiOz FeO
FE(%) 73.13 5.85 4.42 2.02 7.16 6.55 7.46

PRI RR A>3 1 AT, ZAE SRR TiO, & &8 73.13%, 1 TFes ALO;. CaO. MgO. SiO>. FeO %572/
TLEME RSN 5.85% 4.42%. 2.02% 7.16%- 6.55%. 7.46%. 1, CaO 5 MgO (& & EikE
9.18%, AFFETFE it & BRI IR (Ca0 + MgO SR FHIK T 1.50%). [FNF, 4Bt R Hik
AR LA AT A LG, HA4% G R 3EYR G J7 VETE 43 (9 25 o 44 I RF T W 3 S5 R o Bk k[ 191

2.2. IE3ZSEGT
NT EZBREMBIECE R BT R, ARSI K R 7 AT A B, B A S O ARE AT LTI
Tt BB 1R oK o

Table 2. Various influencing factors and levels

=2 ERWMEEZERKF

F & KFE 1 K2 KF 3

A. RLRE/IC 1000 1100 1200
B. {RifEH [A]/min 30 60 90
C. BEHE/(L/min) 2 3 5

I RS 215 RE FUP T R TR AR5, B MRS 2 8 e 2 fis , B4% = AN 8] (13 B2 (1000°C . 1100°C
1200°C) = FPLRIERS A](30 miny 60 min. 90 min) LA f =Fhid A i# (2 L/miny 3 L/min. 5 L/min), &RK#
AU TE] Y 5 mine FAR#RAE . FREL 100 g SRR K, 1E 1000°C T {Rif: 30 min, 1E%H A 2 L/min, 15
SRR A o F IR TR R AT HoAth 4 51058, 4351079 1000°C « 60 min. 3 L/min; 1000°C . 90 min.
5L/min; 1100C. 30 min. 5 L/min; 1100°C. 60 min. 3 L/min; 1100°C. 90 min. 2 L/min; 1200°C. 30
min. 3 L/min; 1200°C. 60 min. 5L/min; 1200C. 90min. 2 L/min. R 5EMIG, oM a445 5%, EH
ROR AN — HSHOHAT IR B B AL . &SI ALK 40 28036 3 B
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Table 3. Experimental groups

3. LWHA

SeaGAH HEEC LRI [A)/min JEARE/(L/min)
1 1000 30 2
2 1000 60 3
3 1000 90 5
4 1100 30 5
5 1100 60 3
6 1100 90 2
7 1200 30 3
8 1200 60 5
9 1200 90 2

JEA
v A
W R

Figure 1. Magnetic separation flow chart
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Wi oy BN s W20 G5 BRI IR N RLIE B4, SEBLRATE ) I 5 AEREPE YD R 1) 2 2 . Tl
Hdide v % A HE T 2UREE AL 1R ROEN L SR RGNS, nTARRE R R 5 0 B 7R RGBT .

Thide FEA AL B - WA S 7= AR R TR AT VT e Bk B /D SR A o D v B VR R UAC e I BRI R BT e,
TNt D A B, 3 R SRR 3% A AR (TS R R R (21

TETE S TR KRG SR R RS S A B S R, B e N T s TR A, TR
FHLFHE, FRFE 52 TER .

IRAEH ) T 2R 5T 50T, B AU 5 RS , LA 5 B e R AR B . G 20 AH AR 1 6 FE A o
HH & F I Y E BAHE FeoTiOs. FerTizOo Fe 03 %, HH&HINE; (HFFERME, FerTiz0oJ8 TR
ERRUH), TTRECERE Al Ca 25245, (EUYETHIE T2 L. BT 2 NIaENE, &R mseE
WESHRATRIGEAE N, DUA 80 B & Fe WEMEVIIR, NG BHEN B TS ptaf i s An i okl 2 sk
PR P R B R AE B R R
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TP, Hemit RECHOK, MORHESN SR T P A G SR P R, R S a2 B S T T M R
K[22]. SRt 3 W ek R BEdE VE LR 4.

Table 4. Specific magnetic susceptibility of main minerals in titanium slag

4. KEPEET MR RE

K] EAn e IR M RN RER I
ELREAL 2 (1 % 1077 mP/kg) 12.3 230.18 13.24 315.60 92000.00

B2 4 A5, S40A . MA SR R LR REGS NN oA, TRERT . BRI REPE RS
AR, AR Y, WS SREGEE S SR S SR 5. R St S ARV AE S g A e R R
ITHEE, PTUASEEAE SRR A B, T SEIRWIE B A, BRI, R R R S B A R0 P AR ER 1 43
BT IN[23].

2.3.2. Bi%
IHEIE RAT 600 g, fENNIERMEH], 7k TEmARRWE 2 fros[24] [25]

600g N\ 373}

0.8L7K
17uL 243
T 0.18g#%4

0.5g TR RERR N
114uLg3h
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Figure 2. Flotation process flow chart
E 2. FETZREE

1) ML

MERR AL EE : Kf 600 g T AES 0.8 L HSRAKIIA 1 L 7FiEE, RN 17 pl 2#GEEIEF)). 0.18 g 35
(R ZG7), Bk 2 e AR 3 i, IR )
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2) KiikimiE
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Kok TEEDUB: IBBRC pH B OREIE B 3~4; FEIE=BG 2~3; REIRDUE: 1~2), FREUFEN
DR RO IE B 5 reh; R =B 3~5 okl REEDUBL: 3 90%h), mEEIRIEHEY .

3) BN AbE

B BEN G 18IS M FAKE R TiOo, fihL, VAR AR .
3. RIEERSVTS

BRI S R, W& S5 iR,

t

W

Table 5. Orthogonal experiment result analysis

5 EXSBERSN

S SN IR E(C) LRI BT 7] (min) JE I (L/min) TiO2 7 (%)
1 1000 30 2 72.23
2 1000 60 3 72.62
3 1000 90 5 72.68
4 1100 30 5 72.65
5 1100 60 3 72.75
6 1100 90 2 72.50
7 1200 30 3 70.79
8 1200 60 5 72.20
9 1200 90 2 72.83

Ki 72.51 71.89 72.52
K2 72.63 72.52 72.05
Ks 71.94 72.67 72.51
R 0.69 0.78 0.47

2t IEAZ 9 ALRIIFRr I BTk, A BRIERXT TiO, S REA RN, HlZE R 2845 A5 H KR Y
A PRI > RBGRE > EARE. RERBRFMFAEG N KGR 1100C . fRILE 60 708 JE
SE 3 Limin, RYNZA KA REWRAIE R E S, BREZHEL A,

3.1. FERIERTEEYINEE R

A EPERT S 5 (R AL S50 26 R BRI (1) XRD A7 4 Bl an 14 3 frs .

M 3T AR 1, BEA: AT RN MexTix-10s, F& 800 e rE B Ak 1 3 BYH, At
Je gk SR YA . 12K T E RS N FeTiaOs. MgTiOs. ALTiOs. CoTiOs. WM h — bk & &
— /T 85%. M XRD BeRE AT AT LAE H, BRERCA AR B B, HAE 1000°CRER AL A FeoTiOs
MEL A TiOy. HERREL: ERE TP REIR SR ) R BEFI A . B A BRI UM R T
FPEE, 5 RECHRE XA BN BB AR B AL s REIRB AR 22 Siv Ca. AL %S
T W TEARAS KU o SRR AT« BB A TEER S Hh A AR /D, i XRD 755 A e A S0k il H ™ 48
K] 3(b) W 20 AH(TiO) FINT ST U 5 FE S 25 30, JUHRAE 260=27.6" 53.8° %% B . BN (FeTiOs)H)
FTSF VR B A ek 5, JUHIRAE 20=24.7"\ 33.8° 56N B . TRk ER HhAH IAT S I ni BE ARGk 55, JC R AE
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20=17.8" 29.75°. 44.9° 55N E . KAVCFI BRI JFEFEE, CREF RIS 60 4380, (E13E R N TE 7
55, TiOy#— P EERMELZMEL A, FN, JBEREMEKE 3 Lmin, F4b B BAVERE 500
PN, FEUIAERA RAT S SR FEIRES o T A PR e A I Tl A 15 28 S 0] Tk R AR PR 2 sk /), 40
RERR ShAH (R fa e, (B BARAT S I SR BT BTk 8 - 0 & 20 M . BRAR R A AN B3 AR v o0 3R o
Fr i n LUR B A SO A R Hh R AR B S B S 20 A, AR EE M 2 25 28]
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Figure 3. XRD Diffraction pattern of titanium slag before oxidative modification: (a) Unoxidized; (b) Oxidize
3. FEERTENER XRD {751 EIE: (a) REMAT; (b) HEiL

3.2. FiEREER
BOEAZ RIS s 26 TR A RN RE i, Jodlb AT HEIE, KBRS HEVEY), FEARYE S 2 TP T2
X A BEAT PRI IR [29], ATAEG 45 R InEE 6 P

Table 6. Data comparison of direct flotation and magnetic separation-flotation processes

6. HIEFIE R FE T ZHIEITEE

T mH FikN R K0
P TiO2 f /% 72.75 7525
IEa
Ji&/g 46.00 35.90
TiO2 s fir/% 75.98 79.33
fihik - kA
h 5 /e 46.00 30.20

SEIG KRS LR W, R - RIS T E A ACR A, B R EAIRR, HAET Tio, & E
79.33%, ESLi% T 2R BARTHAEILR 5 A . BO RS TE T+ BLI% e R AL R 24, ELpk D
B, ECI VIS S, R RS TS, RS SRR S R AL Si Sk
REVEZR R, BB ARES TiO, i, P A NS, (HERIE 4 SR T B 2, ki B AL A AR (LT 4T3
RTZ, B U5 ORI 5 R B4 % X [30].

4. &g
1) Sk JEURHEU L B HE AT A5 AT LA RO TE A SE IO HEAT 22 4047, T LAAE IR 7223838 B
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T AR O AR 7 SR FTAT R, A RONIRE 1100°C . PRIEET 1] 60 min. JEFAE 3 L/min
(26N AT R S A S8R f i o

2) KGR RT SR R AR R I, B E BRE  R Y B AE A B, WIAHEN R AR T
AR . KB ARE T4 a MY, T Mg Al Fe 2524 5 U 55 SEAERERR 28 S RUERH o X — AR 1k
R 407 R AR gt 7 B AKHE, A T AU SO S SRR R BT % 0 4 B R OGP R,
NG SR ik T 2R T A

3) EERIR F S5 Bl I 0 B AL R A B S B AR S AR A, SREe At R B M ERE B R
IERR AR JEAER TiO, M hLREIE 75.25%, W WP 2 Rk AR S Ak AR .3, e SR FHR El i
FUERAL, AR BRI R RS2 6L T AT AR . Rk - TRIRIR G T 2 RE 1T AL bR Fe SN SERETE R R,
TiO, it 7 FH AR T3 79.33%, JF LI J5 1) 56 i AR JEURMZEAT Ve , AL, Si S8 R i adt— 20 25 %,
WEIE ARG AR X — B T2 BB UR S KIE, Wk 7R — AR BRI, KR /> B R4 T
R AR SRR A 2 R

E&WE

VI E SRR 3 4 (5 4F 5 4) 0 H (2022NSFSC1021) ;. VY 114 E SR B 2 3 4 (1 F) W H
(2025ZNSFSC0375); GLEK Bk i A4 RL VY ) 1] 45 #5250 % 101 H (2019FTSZ07) Bt B
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