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Abstract: The grade of TiO: for titanium slag produced by reductiorr grinding separation was low and the TiO2 was

not suitable for preparation of pigment and sponge titanium. Thermodynamic analysis shows that solid solution of

anosvite( Me3;Os) in titania feedstock is damaged and the impurities (Fe, Mg, Ca, etc) dissolve into solution by

dilute hydrochloric acidic after activated roasting with addition of Na2CO3. The results show that the grade of Ti02

in the leached product of activated titania feedstock is over 90% . Comparing activated titania feedstock with nomr actr

vated titania feedstock, the Ti02 grade of the latter is improved by about 10% with dilute hydrochloric acid.
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Table 1 Chemical composition of

raw titanium slag ( mass fraction, %)

) Ti02 TFe Ti203 Si02 ALO;
74.240 7.290 10. 280 3.990 1.520
CaO MgO MnO S P
2.520 6.720 0. 870 0. 020 0.033

SEHG oA E BORHEL Na2COs HEAT 35 AL K% 5%,
SRJE R MR L LA 2 BR AR L, A 32 5 & A0k
RN

W RN AE T RAA P HIT, BKE
100 gBLff Nax COs HE SREHRN A LB I rh, &
AN SiC B W N, THEZ & 2 I I RIE — o i
J&, LA 300 K/h [REEEEA M 2 =E, -y
HHAP2Z D/ max-rA B X FHERATHX(Cu #E, A
K &= 0. 151 056 nm) 2> Hrfs & Ho A 20 . #
R IR E T o Bndh et h 2T, H
PR . MRS &1 BRIRE N
12%, FRBIRSE R 373 K, BN 1 h, W HE 5
BHOAS: 1, BRI 200 r/ min o KRN H )
e, #— e E i & SR B e, &
VA S SRUR/ IR 7 I o N ) S I SRR
oM H Ti0, && .

2 Kk RIR ISR AL

2.1 EHRRNEAE SR N )

IR LR R, 0 E PR3 IR I R A%
MR 28 EE SR RRIR T« BRIR IR FE R [R] | 45 P 3k
FEUL KR T B RS R R KN R T k. R
B> R E> R MNA > W be> 5k
. BEEHE R, Tio: AL RETE R 8% ~
10% Fit, ANRe3RAS 5 s wh ALK & B i

15 BB 2 25 R AH 2 PR B A (Mes Os B
[ %44, Me= Ti.Fe Mg .Mn %), FEJFTH
Bk BE EEREE T MesOs BBV H AR 141 3 F
SR RE S T B R BLEOR N IR R BT R R
B EZEER . RE & B P Rt R
B B VESELI(Fe Mg . Mn) Ti20s JENAFAE, 4
INAGE A INA] Na: COs BEATTEAL S FEIT, KRB
A BER AR N AL AR RN

(xFe.yMg .2zMn) T205+ 2NaxCO3 =

2Na:TiOs+ xFeO+ yMgO+ zMnO+ 2CO2

(x+ y+ z=1) @)

HAET I E T, RN 1) ATS e

MgTi:05(s) + 2NaxCO3(s) =

2Na:TiOs(s)+ MgO(s)+ 2C02(g) (2)

AGH = — 0.253T+ 208. 81

FeT1:05(s) + 2Na:CO3(s) =

2NaxTi0s3(s)+ FeO(s)+ 2C02(g) (3)

AG® = - 0.261T+ 167. 54

MnTi205(s)+ 2Na2COs3(s) =

2NaxTi03(s)+ MnO(s)+ 2CO2(g) (4)

AGS = - 0.265T+ 176. 54

EERI ) Si02 AL Os WS AR A R 62

Si02(s)+ Na:COs(s)=

Na2Si0s(s) + CO2(g) (5)

AGG = - 0.121T+ 68. 83

ALOs3(s)+ Na:COs(s)=

2NaAl02(s)+ CO2(g) (6)

AGS = — 0.132T+ 123.72

BRI Ca0 N5 Na,COs KA .

PR 2 F R 2 & K (2) ~ (6) 11
PRUE RN S AT H A AGP HIRE T IR A (M
1.

mE 1A, 27> 1000K B, RM(2)~
(6) TEFRAEIRAS TR R AE, Uil Bk R NAER T
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Fig. 1 Plots of AG® vs T of reactions (2)~(6)

2 FORAIATH . XA, B AT REREIR Mes Os L[]
PARZERE, AT BB [ T MesOs BT I
A Fe Mg « Mn S55A8 4 T B 4L 54, Si0, Al
ALO; & NaxSiOs 1 NaAlO, Z4L&W) .

2.2 IEWEEBE I RIEAT h
2.2.1 TiMEHATH

TEALRERE P b AR E DL NaxTi0s A7
15, TEM IR TR 45 R AR A2 N

Na:TiOs+ 2H® = H.TiOs+ 2Na’ (7)

B 2 BT, R (T7) B AGss K
- 307.29 kJ/mol. B I A 5 H B GE {8 7] %1,
Na Ti0s AR R 73 fift 0 i KR (H2Ti05) , AR i
HaTi0s G843 B Ja 1 il NI /g ok Ti0.!" .
2.2.2 Fe.Ca.Mg.Al.Si.Mn HEH4TH

TEREREH) Ca Mg « Al.SiMn ZZ&FCE
FHPL Ca0 .MgO . MnO . Na:SiO; « NaAlO, 5/
A, MRWAHRR Ca. Mg AL Si (IR AT Y
(3Ca0 * Si0,, 2Ca0 * Si02, 2Ca0 * ALO; * Si0, Al
Ca0 * MgO * Si0: %%) . Fe LA FeO HIERIEAE, 7F
K RIS Fe 05 F71E

IR E PR [ V. e A 298 K R MK H
HEERF TR 2.

2 /4N, 7 298 K i, Sk RS BEET K B
Fe.Ca-Mg.Al.Si.Mn tb&Y 1B = N34 A]
AT, R R FHS) ) XKW, 7EE
BEAT, WHWREEY T IESK Fe . Ca . Mg %%
WEY), FTHBREHE I  Fe . Ca Mg, AR
HE) AL R RTER 4 v . AR T A R e I R R T R
F Na2SiOs Fl NaA 102 554k & W01 Fe v ik 72 ok
JE A H2Si05 A1 HA10, g .

#£2 Ca.Mg.Al.Si.MnH WHERYE I WK
298 K N 52 I (1) A7 75 AT 0 B E A
Table 2 Reactions of Ca, Mg, Al, Si, Mn in
acid and AGxs of reactions at 298 K

Reaction AGge! (kJ * mol~ 1)
FeO+ 2H* =Fe?* + H20 - 32.18
Fe203+ 6H* =2Fe** + 3H20 - 540.01
CaO+ 2H* = Ca® + H20 - 186. 88
MgO+ 2H* =Mg* + H20 - 122.81
3Ca0 * Si02+ 6H* =
- 494.2
3Ca® + Si02+ 3H,0 e 20
2Ca0 * SiO2+ 4H* =
— 238.
2Ca* + SiO2+ 2H.0 el
2Ca0 * ALLO3 * SiO2+ I0H* =
- 334.52
2Ca? + 2A1* + Si02+ 5H20 Ll
Ca0 * MgO * SiO2+ 4H* =
- 194.21
Ca® + Mg> + SiO2+ 2H20 <
Na2SiOs3+ 2H* = H2Si03+ 2Na* - 1010. 42
NaAlO>+ H* =HA10,+ Na* - 1255.13
MnO+ 2H* =Mn?* + H20 - 33.18

3 HiIR50H
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Fig.2 Effects of ratio for Na2CO3 on
grade of TiO: for product
(Roasting temperature is 1273 K, roasting time is 2 h,

leaching temperature is 373 K,
leaching time is 1 h, w(HCI) is 12%)
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Fig. 3 XRD patterns of roasted titanium slag
with different ratios of Na>CO3
(a) —Without Na2COs; (b) —0.2; (¢) —0.3
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Fig. 4 Effect of roasting temperature on
grade of TiO: for product
(Roasting time is 2 h, ratio of Na:CO3 is 0. 3,

leaching temperature is 373 K,
leaching time is 1 h, w(HCI) is 12%)

Bl 5 BTos A i A B oe i TR) % 77 i Ti02 & & [
e, B S AT, TEARE R TR, B AR
ROBEGF, MTEAGRERERT T B 1 h ZEK B 2 h B, 7=
W) Ti0, 25 5B I 18] PR35 0 T 39 0n; 24 9% A RS e i)
M4k SLIEK I, P i Ti0. & & R imk b . X
2 TR TR K, BB W R A 25 H e 45 B0
%, TER—FB FIAS 5 Bl B RS A I S5 M BT 38 .
R RE T R EL 2 h B RO BN BEAR, AR RN E
BB Ti0, &8N 91.89% .

B 6 F1 7 Fios 4390 W G im A s e AR 2 35 Ak K
BRI i Ti0o S LA B35 2% 0 & &= T L .
HE 6 f1 7 /W, &iEikiEbe)s, &t TiOy L
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Fig. 5 Effect of roasting time on
grade of Ti02 for product
(Roasting temperature is 1 273 K, ratio of Na2COs3 is 0. 3,

leaching temperature is 373 K,
leaching time is 1 h, w(HCI) is 12%)

95

X

)

»

S

=]

2

£

2 4 — Activated roast

S 75 = — Non-activated roast
‘70 1 1 | 1 | [ -

0 10 20 30 40 50 60 70 80

Leaching time/min

K6 TR RIGRRIRIZ ™) TiO2 AL EIXT EE
Fig. 6 Comparison of TiO; grade for

product by activation to nomactivation
(Roasting temperature is 1 273 K, roasting time is 2 h,
ratio of Na2COs is 0. 3, leaching temperature is 373 K,
leaching time is 1 h, w(HCI) is 12%)

— KRR .

4 g

1) #1220 MR, KA Na.COs 31 K
R IR VI b FE A R 3k V0 45 1 B AR, AT DARR:
LHAM Fe.Ca Mg 40, VIR Ti0, &
(AR

8 7]

~J
—

6k I Non-activated roast
B Activated roast

Mass fraction of impurity/%

TFeO Si0, Al O,

Ca0 MgO MnO

Impurity

Bl 7 WEARER 5 AR AR N R = 5 2% B B LE
Fig.7 Comparison of impurity content for
product by activated with unactivated roasting
(Roasting temperature is 1273 K, roasting time is 2 h,
ratio of Na2COs3 is 0.3, leaching temperature is 373 K,
leaching time is 1 h, w(HCI) is 12%)

2) X S &ATH T4 AR, & OB I
NaCOs BHTHE R e b H J5, ZKEZLL Nap T 103
HITERAELE, IFSZARIN NaxCOs HEATIE AL S B b R
HA IR OBk = 220 4 2B 5K [ % 4R ( Mes Os
RIFEBAK, Me= Ti.Fe.Mg.Mn 25) 4 H17EH .

3) TSR SE IR, $EM NaxCOs FLtl
AR TFIRE =) Ti0, fhAL e &, 1k e i B A1
B ] JU) A — s Y B Y 3R R Ti02 A A, i
o i Joe ek P R A e o B T 2 ARl G5 e =) H IR e &
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