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Abstract: The effects of oxidation temperature on the crystal structure of ball milling activated and unacti—
vated ilmenite concentrate as well as upgrading the quality grade of ilmenite concentrate through acid leac—
hing were investigated by oxidation treatment and acid leaching. The results indicate that after oxidation at
750 ~800 °C  the new phases of Fe,Ti;O, Fe,0, and rutile TiO, appear in the ilmenite concentrate with
comparatively sufficient phase transition and the phase transition starts at a lower temperature and the con—
version rate is higher for the milling ilmenite concentrate. After annealing at 800 °C and acid leaching at
105 °C for the milling ilmenite concentrate the content of CaO and MgO separately decreases to 0. 089%

and 0. 888% respectively with 88. 7% and 51. 8% of removal rate and the content of TiO, increases from
44.12% to 53.64% which shows a significant improvement for the quality grade of ilmenite concentrate.

Key words: ilmenite concentrate oxidation treatment ball milling acid leaching

12014 -04 - 17



017-

1
+
. Tio,
o TiO,
Fe,0, ( Fe-
TiO;) Fe,Ti;0,  Fe,TiO;
Ti Fe 1
o Fig. 1 SEM image of ilmenite concentrate
o 2 650 °C 750 C
o FeTiO,
o Mg, AL, Si; Oy N
1 o
. 650 C
CaO 0.792% . MgO FeTiO, Fe,0,
1. 841% \TiO, 44.12% \Fe TiO, ;750 C Fe,0,
34.31% 74 pm 84.8% TiO, (Fe,Ti,0,)
4 h o
100 g B T @-FeTio;
( 36% ~38%) 31 L | o . @ MgALSisOg
L4 . L
N K:'%?i i e % g0 o ®
Acaf A st e St e it it o
o 2 650 Ciltk i Tl
200 r/min, =l ; A-TiO;
DSADVANCE X L e, & -
\@'T"»A,ao 0 Agq [0 @ ®
(Cu  Ka 40 kV e o A AR R o
750 C S Tp ]
160 mA) . FEI Quanta600 e | 34y {f“\ W g
( SEM) : P e bt
10 20 30 40 50 60 70 80 90
2 2854 * )
2 650 C 750 C XRD
2.1 Fig.2  XRD pattern of ilmenite concentrate before and
1 after annealing at 650 °C and 750 °C



" 18 2015 36
(Mg 750 C ; 850 C
Mn.Al )  FeTiO, Fe ( Fe,TiOy) Fe,0,
( ) FeTiO, TiO,
FeTiO, 2.2
X-Ray FeTiO, o 2 h 74 pm
650 C 10%
Fe, 0, Tio, ;750 C 3.
FeTiO, Fe,0,
TiO, o N
650 C ( 3a), FeTiO,
750 C Mg,Al,Si;O,, (  3b);
800 C o
@ -FeTio;
° & Mg, ALSIsO
i
= o
°
> : L ]
e o
. oo
k4 Y t k]
\\._,; et i o S 800 ®
10 2(; 3;) 4’0 5(; 6(; 7(3 8:0 90
28/ C° )
(a) 5% SEM image (b) YA/ HT XRD analysis
3
Fig. 3 SEM image and XRD analysis of ball milling ilmenite concentrate
XRD 4., 650 C 4650 C X ,,( 1y 4 1Fe,0;
Fe,0, . TiO, "\-LJJ-JQJU jq?* [0 *-FeTiy0p
( Fe,Ti;0,) ; 750 °C 5750 C Ty g ATi0, S
i p* A% Hy g ¥a o U OMgALSIO;,
( 50%) Fe,0,( 35%) | \\._:“L.gy,}jl U WA
TiO, ( 8%) TiO, = 800 T r 'R
ol *ﬂu'\:@**':a*u 5 *x 4
:800 °C 750 \.V.;Fw\;@;g W R
C ; 850 C R 5 o O-Fe;TiOs
s | s} . ‘
Fe, TiO Ti0,  Fe,0 N 140,48 8°0F (Do O, o000
€, 11Us 11Uy~ e, Us -.‘,‘_N_,,; i -r.-:..,....‘.,‘" J“,’\J,m:«r' 200 »
o 0 20 30 40 S0 60 70 80 90
241 ¢ )
4 650 ~850 C XRD
650 C Fig. 4 XRD pattern of milling ilmenite concentrate

FeTiO, &

annealed at 650 ~850 °C



019n

o

(600 ~800 C) :
12FeTiO; +30,—4Fe,Ti, 0, +2Fe,0,
4FeTiO, + 0,—4Ti0, +2Fe,0,

Fe, Ti, O, Fe,0, * 3Ti0,)
5-7
600 ~800 C
o ( )
;
5
(600 ~800 C) Si0,

207
m_ FkBE2h, 105 C/6h

‘ s - MgO
” ~3~Ca0
& | N\
E L
& 1.0} —
s { i
R
. 0.888%
05F
N
e 0.089%
g TR
O i L 4
0 5 10 15 20
HHERRE /%

(a) #58E B2k Variation of Ca and Mg content

5

( CaMgSi, 0,)

Mg.Ca  Si o
2.3
Ti Fe
TiO,
Fe,O,
( )
TiO, > >Fe,0, ° .
2 h
+ 800 C x4 h + +
50 ~90 °C 3~5
105 C R 6 h
5%
10% 15% 20% 5.
100
105 °C/6 h ER% -
st - 88.7%
& /
= / /-///;IT.
‘I.L”..( / ._// R
254 //
/, ~=0~Ca —=-—Mg
s
04 i i 1 ' > i
0 5 10 15 20 25

H AR %

(b) 58 I E K254k Variation of dissolution rate

Fig. 5 Effect of hydrochloric acid concentration on Ca and Mg content as well as dissolution rate of ilmenite concentrate

5
o 15%
CaO 0. 089% MO
0. 888%;
( 5a).
( /
) 15%
Ca 88.7% Mg

51.8%; 20%

( 5b),
20%

N

80% o
105 C/6 h/15%

20%

CaO



020n

2015 36
MgO 0.089% 0.888% CaO
88.7% 51.8% TiO, 53.64% Fe MgO 1% Ca0
29.33% - 10% 0. 1% o Ca Mg
105 Ca Mg
C /12 h/10% 79.7% Mg
Ca0  MgO 0.066% 0.879% Ca ( Mg Fe)
Mg 91.7% 52.3% Ti0, Fe Mg
52.22% Fe 29.26% o Ca
Ca Mg
100 £
. 105 C/6h o
o5t N\, 3
i R 1) FeTiO, 650
;-—5 90 Ny -
= \\ C ;750 °C - 800 C
| N Fe,0, TiO,
e ~ (Fe,Ti,0,) ;850 C
0 5 10 s \\7;0 (Fe,Ti0,) ’
LRI % 2) 2h
] 650
Fig. 6 Effect of hydrochloric acid concentration < FeTi0, 1750 €
on recovery rate of ilmenite concentrate 800 C +Fe, 0,
TiO, .
“105 C/6 h/15%”  “105 C /12 h/10% ” 3) 800 C
TiO, 53.64%  52.22%
o o “105 °C/6 h/
Ti 96.3%  93.2% Ti 15% /3:1 7 CaO  MgO
0 0.72% 1.841% 0. 089%
Fe 68.6%  68.0% 0. 888% 88.7%  51.8% TiO,
Fe Ti o 4. 12% 53.64% -Fe 29.33% .

1 Yang Xiaoqin Sun Zhaohui. Study on preparation the high quality titanium material for titanium white by chloride process J .
Conservation and Utilization of Mineral Resources 2007(5) :38 —42. doi: 10. 3969 /j. issn. 1001 —0076. 2007. 05. 010

(
J- issn. 1001 —0076. 2007. 05. 010)

I 2007(5) : 38 —42. doi: 10. 3969/

2 Li Yu Lei Ying Peng Jinhui et al. Ball milling activation and microwave reduction of titanium concentrate J . Iron Steel Vana—
dium Titanium 2010 31(4):7 -11.
( . J. 2010 31(4):7-11.)

3 Li Xinghua Wen Shuming. Actuality of titanium dioxide and titanium sponge feedstock industry in the world and key points of
domestic developing J . Titanium Industry Progress 2011 28(3) :9 —13. doi: 10. 3969/j. issn. 1009 —9964. 2011. 03. 003
( . J. 2011 28(3):9 -13. doi:
10. 3969/j. issn. 1009 —9964. 2011. 03. 003)

( 63 )



o63.

1 Wu S H. Reasonable utilization ways of V-Ti bearing beach placer J . Sintering and Pelletizing 2011 36( 2) : 35.
( . I 2011 36(2): 35.)
2  Dang] Chou KZ Hu XJ et al. Reduction kinetics of metal oxides by hydrogen J . Steel Research 2013 84(6): 526.
3 Pang]M GuoP M Zhao P et al. Kinetics of reduction of hematite by H, using nonisothermal thermogravimetric method J .
Iron and Steel 2009 44(2): 11.
( . J. 2009 44(2):11.)
4 YiLY Huang Z C Jiang T. Sticking of iron ore pellets during reduction with hydrogen and carbon monoxide mixtures: behav—
ior and mechanism J . Powder Technology 2013 235:1001.
5  Eungyeul P Sang-Beom L. Oleg O T et al. Reduction of the mixture of titanomagnetite ironsand and hematite iron ore fines by
carbon monoxide J . ISIJ International 2004(44): 214.
6 Wang YM Yuan Z F Matsuura H e al. Reduction exiraction kinetics of titania and iron from an ilmenite by H,-Ar gas mix—
tures J . ISIJ International 2009 49(2) :164.
7  Eungyeul P Oleg O. Effects of preoxidation of titaniaderrous ore on the ore structure and reduction behavior J . ISIJ Interna—
tional 2004(44) . 74.
8 QiDG Yan GN Zhang G X et al. The mechanism of reduction of titaniferous magnetite J . Tron and Steel 1983 18(3):9.
( . ] 1983 18(3):9.)
9 XiaoW LuXG Wei XM et al. Phase transitions of ilmenite preoxidation and effect on gaseous reduction J . Journal of
Chinese Society of Rare Earths 2012 30:392.
( . J. 2012 30:392.)
10 Eungyeul P Oleg O. Reduction of titania-ferrous ore by hydrogen J . ISIJ International 2004(44): 999.
11 Zhang G H Chou K C Zhao H L. Reduction kinetics of FeTiO; powder by hydrogen J . ISIJ International 2012 52( 11): 1986.
12 He Q S. Phase transformation in the reduction of titaniferous-magnetite pellets and their thermodynamic considerations J . I-
ron and Steel 1983 18(4):1.
( . J. 1983 18(4) :1.)
13 Takeaki M Yoichi O Yasuji K. Analysis of CO reduction of hematite pellets by multi-interface model J . Trans. ISIJ
1978 18(9): 776.
14 Takeaki M Yoihci O Yasuji K. Step-wise reduction of hematite pellets with CO-CO, gas mixtures J . Trans. ISIJ 1978 18
(9): 579.
( 20 )
4 Xiong Xueliang Ouyang Hongyong Yang Zhi et al. Effect of acid leaching process of ilmenite on artificial rutile pulverization
J . Mining Metallurgical Engineering 2010 30( s) : 176 — 178.
( . I 2010 30( ): 176 - 178.)
5  Chen Qian Yu Ranbo Zhu Huihui et al. Investigation on phase transformation of preoxidation and reduction of ilmenite J .
Journal of the Chinese Rare Earth Society 2008 26( s) : 560 —563.
( . J. 2008 26( ) :560 —563.)
6  Liang Xiangbo Wu Pan Lv Li et al. Effect of preoxidation on hydrochloric acid leaching of Panzhihua ilmenite J . The Chinese
Journal of Process Engineering 2010 10( 5) : 939 —943.
( . I 2010 10(5):939 -943.)
7  Tian Wen Lv Li Liang Bin et al. Effect of mechanical activation on high temperature oxidation of ilmenite J . Chemical Reac—

tion Engineering and Technology 2011 27( 6) : 537 —542. doi: 10. 3969 /j. issn. 1001 —7631.2011. 06. 010
( . I 2011 27(6) :537 -542. doi:
10. 3969/j. issn. 1001 —7631. 2011. 06. 010)



