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Table 1 Main chemical composition of ilmenite

Component TiO, FeO Fe,03  Cr,04 MgO MnO
Content (%, ) 50.2 27.4 17.8 0.26 0.91 1.33
Component Al,O4 V,0s5 SiO; Ca0o Others

Content (%, w) 0.57 0.31 0.63 0.46 0.13
Note: Others are compounds of Zr, Sn, S, Pb, P, Nb, Na, Ce, As, etc.
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HE2°C, PPl D-8401-WZ HUBUR s i FE AL
i, A BN ke S DF101S B m] 45 iigs

ASZIA FH A 22 PANalytical 23w ¥ X'Pert PRO
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Fig.1 The flow chart of titanium dioxide production using
extraction for separating titanium and iron in HCI
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Fig.3 SEM image of reaction product

3.2 EEUEN BH®EH
3.2.1 WA R REHUH 1k 4%

K,Tis0g LI Ll 5:1 [ = Sl deis s, 4R
JEAE 100°C R4 2 h, Frfd A= & oo s & W
2, LOZrmWh JEORHE R IR T FH — e W FE I #h R B
TRV, 52T P204 Fll TBP PR AL HU A X 8k 7 25 2%
R, RS0 E A 250 mL f 4R, ¥ITE 25
C AT, FRARAES, O/A=2:1, AEELIN[H] 10
min, AEPGAARRIKEE 30%, KA Pk 15 giL,
WU TR T & s IR B LR 3.

R2 HREREEFYHETESE
Table 2 The element mass fractions of solid products after washing

Element Ti Fe K Cr

Mg Mn Al Si Ca \Y

Mass fraction (%, @) 20.75 2442  10.33 0.19

0.49 0.80 0.16 0.68 0.42 0.16

%3 EHRIMBEPETRRE
Table 3 The element mass concentrations in acid dissolving solution before extraction

Element Ti Fe K Cr

Mg Mn Al Si Ca \

Concentration (g/L) 12.77  15.03 6.36 0.12

0.30 0.49 0.10 0.42 0.26 0.10

TR N, g W BE DR IR A 42 KD I 1) [l A
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B, {E pH=1.3 I, 245 80%Z4- A7 kA1 99% L %k
AL, B P204 ALK Bk PR 4 I T B R
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IS RR, iR WK 5, R R P EREE R
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Table 4 The extraction results of the sample dissolved by H,SO,
Extraction rate (%)

Extraction agent pH

Fe®* Ti%
0.3 11 0
TBP 0.8 1.7 0
1.3 1.9 0
0.3 68.2 99.4
P204 0.8 69.7 99.7
1.3 80.1 99.8

F 5 HEIFHERBIERER
Table 5 The extraction results of the sample dissolved by HCI

Extraction rate (%)

Extraction agent HCI concentration (%, w)

Fe** Ti*
9 79.2 0
TBP 12 82.8 0
15 96.1 0
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Fig.4 Effect of time on the extraction rate of Fe**
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Fig.5 Effect of TBP concentration on the extraction rate of Fe®*
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FEXTREECRATRAGE M. B 6 A TBP IR E T 2hIRik
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W, R TR R AR H e 1) 5 i R A 5 A B B R AR
R M A R iff o AR RVl 16%(w).

100 [
90 |-
80 [
70 |
60 -
50 -
40 |
30 -
20 | L | L | L | L | L | L |

12 14 16 18 20 22 24

TBP (%, ¢)
—a— 30
—e— 20
—&— 10

Extraction rate of Fe*" (%)

HCI concentration (%, )

K6 BRI N LA R 5L

Fig.6 Effect of HCI concentration on the extraction rate of Fe®*
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Bl 7 b O/A (G REEUR . [ KAR T Fe®*
WRE 15 g/L, ZEHUKHE 10 min, WEJE 25°C, KM
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ST E TBP A 17 34 D0l A S i B T 2R HGRIVR B
SEAHCR T BAR AR B 3 g n] DR R AR
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Fig.7 Effect of O/A value on the extraction rate of Fe**
3.2.6 Fe* [ [ #HL
ASEEGAE OIA=1:2 ', D4k, MifhR. NaCl #¥
W 217K g s R W AT AL AR Dy S A= AT 20 R A
(47 250 mL 530 S kAT, S5 R WK 6. K 1.0
mol/L 1] NaCl ¥l IX R - H 1T 15 98.6%, —IK [ #H
i 0.8%; pH=1.0 HMEhIR IR XAFH 79.8%, £l
SRR FEA LR 945%; LT K — IR EEHE N
90.3%, —IRAX K 0.6%, My FH 2l /K A £h R A8 X I 45 (56
— UK, H T =] pH=1.0 AR R IR ) ) i AR R
Ak 96.5%. L JE K2 TBP £HK Fe* L3 By 14
BAE, TR SRS P AT, MR AN S 2
TEUFAH S » FEARTR B A3 TBP [R5 B3 [41 Bt i 116 . FeCl,
FL I 140, AT Fe* Tt A KA, 3 e 638
WK K AR ZE. 4K FT NaCl ¥ L 2h 9 B g PR 1%
FE, BRI R IR — I AU e 72 . NaCl W UAH X 21

AR LB R ik, AR T AR IR g, HETTT
T A A A FOR AT O T AP, TR el T
NaCl ¥R K S A J5 /KA pH {8 4 2.0 247, ki Fe®
IKIEATEAS, K NaCl ¥l LM RE Fe* /KR, 47 A
TR IR R EELT T 2K R PR 2 S A AT o
R ARG, PRI 48 I e A5 IR L A W]
2, TR ER R LAl K B RESR A TR, PRI AR
5K ST, A S AR, RO HIEMARGERE, R
1.0 mol/L ) NaCl #HBEAT— IR S AT

F 6 FEAEP Fe"BIREYR

Table 6 The reverse extraction rate of Fe** in
different solutions (%)

Treatment Reverse extraction rate
Deionized HCI NaCl HCl+water
water (pH=1.0) (1.0 mol/L) (pH=1.0)
First time 90.3 79.8 98.6 90.3 (Water)
Second time 0.6 133 0.8 4.9 (HCI)
Third time 1.4 1.3 (HCI)

3.3 EE Fe" R KiRBTRE KR
3.3.1 JKMRSA L HE

FWUE EAMT S TR E WL 7, ¥z E et
FT DB AR, 25 52T R 0 T) %o A 7K A 8 e S
W, sy L2 8 R 9. MR 8 mIjn, B AEMG N, £KK
fRFEACR AT, 3 E R 100 CHF, FE KRR A A 2|
99.5%. MK 9 W%, RHAKMENIAING N, BAAKME AL
Ham, 3 h WKARIA RS- BRI, A I K g A
100°C, Hf1H K 3 h.
3.3.2 IKfE I RAL

Kl 8 MoK iGN R BEMBE 2 h 51 XRD K
W BT RUR H, KR S 40 A TiO,, BE&
PR FEITE T, FRAEWE g, 45 PEAshr. &9 kg
P 650 ‘CHBRE 2 h JE 1) SEM I, SRR 1 A BRIE HL
HAAR /N 100 nm.

R EMRBURRPETRRE
Table 7 The element mass concentrations of solution containing Ti** after extraction

Element Ti Fe K

Mg  Mn Al Si Ca V

Mass concentration (g/L) 12.76  0.06  6.34

0.30 0.46 0.10 042 025 0.11

R 8 TKARIR X ERIK AREE L R A R

Table 8 Effect of hydrolyzing temperature on hydrolyzing conversion rate of titanium

Temperature ('C) 70

80 90 100 105 110

Hydrolyzing conversion rate of titanium (%) 94.9

97.3 98.8 99.5 99.5 99.8

Note: Hydrolyzing time is 5 h.

9 TKARET E) X ERIK AREE AL R B R4

Table 9 Effect of hydrolyzing time on hydrolyzing conversion rate of titanium

Time (h) 0.5

1.5 2 25 3 4 5 6

Hydrolyzing conversion rate of titanium (%) 81.0

943 979 985 99.2 994 995 99.5

Note: Hydrolyzing temperature is 100 °C.
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Fig.8 XRD patterns of the hydrolyzing products calcined
under different temperatures for 2 h

WD 7 Bmm

K9 KAir~ 4 650°CHSE 2 h J5 1 SEM
Fig.9 SEM image of the hydrolyzing product
calcined at 650°C for 2 h

=10 950 CHfES 2 h RETIB -SRI ZE R
Table 10 The chemical composition of the obtained TiO, calcined at 950 °C for 2 h

Component TiO, Fe0;3 Cr,03

MgO MnO Aleg CaO Si02 V,0s5

K,O  Others

Mass fraction (%) 984  0.18 0.07 0.12

0.20 006 009 034 011 0.27 0.16

Note: Others are compounds of Zr, Sn, S, Pb, P, Nb, Na, Ce, As, etc.

3.3.3 =W TiO, 4l L AT

HIK g =2 950 CHRE 2 h, “RH GB1706-1993
G JE AR SR L e b TiO, A, £ 5 Tio 1
4l 2y 98.8%; KM ICP-OES il & 950 ‘C ks 2 h )™
VIS FE G W T IR, 205N TIO, 41 98.4%, —
BRI, PR RO E DU R 2 s L R
10, JITf3 TiO ki 8 it - B R E . BRI LS9,
FoAth e T ARG, IE TR — P alifh, (R &I A
(O e B gl B o N A SR SR NS g

HH TP 3 e A 2R LA AR e P S e, 20 R
BRI I T IR ) P BT T A BIAR i IR A . BRI Ak
FH P HEBERALGN TBP 76 mIRE T~ BAT IR A Y
REJ), BORIER B R o 3 -4l G T I RS s
G, PIMAHUN ), HIEFI G, IR, &5
SRAE, R G BRI T LA AT IR A, ARSI 451
NEROKFRIEAGTE A, PR R LA B TIO,, W
BUERTY TiO, 2.

4 %

(1) 7EBRIRFERR A T F TBP A1 P204 1E 2 B
AL AR VERRRE RIEATER R 0 1, S5 R, B A I
ANEGAEEFR, TBP 1R A5 R A B I £
w, HXHERBEATAERAE ), R B R R . JE
FERMRIRIE . TBP WK JZ . O/A {HANALE i) % 2k A AL HL
KL, 2550 R, 16%(w)h1R  TBP 3K 5 4 40%(p)-
O/A {f 2:1. ZZH 1] 10 min i, 2k FIAEE Al ik 99.5%

PLF, ZH 1.0 mol/L 1 NaCl ¥ AT — IR 26 J5 Bk 1)
A A[ T 98.6%.
(2) MG & AR A T IR FE /K, /KRR 100°C,
SN 3h G, BRRIKIRFEA R IE S 99% LA I, AE R~
YR 4 A TiO, BRIE MR,  EHARRS/NT 100 nm, H.
TiO, 4l & KT 98%.
() LR EM A, Bl ] 16%(w)HEh
TRAVENAIUA R, Toili shRANE I Fk A R A
TR MR R RA HI 85 DB, 58 TR R, A
T B EROIREA TG DU E s, 485 T R,
BRAG T A s A UG 2 BRI R 15 30 & T 4% K I 4%
TiO,, HAERH TiO, Naar iR, AJ7 I s TIGIE T
e G B A AR B 1R, B KA A H A .
S E ik
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Extraction Separation of Fe** in Acid Dissolving Solution of Sub-molten Salt Reaction Product from
IImenite with Tributyl Phosphate and Preparation of Rutile TiO,

MA Bao-zhong™?, WANG Li-na!, QI Tao!, FENG Yang®, CHU lJing-long!, ZHANG Yi'

(1. Key Laboratory of Green Process and Engineering, Institute of Process Engineering, CAS, Beijing 100190, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China;
3. Dept. Environ. Sci. &£ Eng., Institute of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Extraction separation of ferric ions by solvent extraction method using tributyl phosphate (TBP) as extraction agent and
sulfonic kerosene as thinner from the dissolved products of KOH and ilmenite in hydrochloric acid solution was studied. And TiO, was
prepared by hydrolyzing the raffinate. The effects of TBP concentration, hydrochloric acid concentration, concentration ratio of organic
phase to aqueous phase (O/A) and extracting time on the extraction of ferric ions were investigated. The results showed that the
extraction process was fast and the extraction rate of ferric ions increased with increasing the concentration of TBP and HCI
concentration and decreasing the O/A ratio. The maximum extraction rate was larger than 99%. The reverse extraction rate using 1.0
mol/L NaCl solution reached 98%. The hydrolyzing product was rutile TiO, spheres with the purity of more than 98%.

Key words: ilmenite; sub-molten salt method; tributyl phosphate; extraction; titanium dioxide



