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Table1l L evel and code of the process param eter s
[4 15]
’ ’ Temperature/ Time/ Carbon  Metal power Sodium salt
Code Z;
! min  rate/% rate/% rate/ %
, Yy 1280 0 1200 27 40 15
+ 1224 2 1020 213 34 12
0 1140 0 720 193 25 Q7
- 1055 8 480 17.3 16 Q3
, -y 1000 O 300 159 10 Qo
Factor code % Xo X3 X4 Xg
1 2008 - 10 - 24; 1 2008 - 11 - 22
(50764006)
(1969-), , , , ;

* (E - mail: zhoulanhuazZk @163 com)



3 407

12 (y2) 3 3 ,
TFe ,

56 50%, Fe0,54 39%, FO23 45%, TiO,12 53%, 62 1%, 97. 97%
ALO;2 41%, SO,2 36%, CaO1 25%, Cr,0O;0 095%, 21
V,05;0 40% : 78 26%

11 76% 9 98% ,

' (w) (y»)
( )
’ ( )

v =0 475% +2 194%, +8 839% - Q 027% % -
Q 023% % +2 565% % +Q 122% +Q 565% -
2 16 109% - 12 685x, +11 276x% +84 425 (1)

(y1)

2

Table2 Scheane of exper ment

TrialNa 71 2 B z 5 TrialNa 21 2 A 2 5 TrialNa 21 2 A z 5
1# + + + + + 16# + - - - - 31# - - - - +
2# + + + + - 17# - + + + + 32# - - - - -
3# + + + - + 18# - + + + - 33 y 0 0 0 0
A# + + + - - 19# - + + - + 34# Yy O 0 0 0
5# + + - + 20# - + + - - 35# 0 Yy 0 0 0
6# + + - + - 21# - + - + + 36# 0 -y 0 0 0
T# + + - - + 22# - + - + - 37# 0 0 Y 0 0
8# + + - - - 23# - + - - + 38# 0 0 -y O 0
o# + - + + + 24# - + - - - 39# 0 0 0 y 0
10# + + + - 25# - - + + + 40# 0 0 0 -y 0
11# + - + - + 26# - + + - 41# 0 0 0 0 y
12# + - + - - 27# - - + - + 22# 0 0 0 0 -y
13# + - - + + 28# - - + - - 43# 0 0 0 0 0
144# + - + - 20# - - - + + 444 0 0 0 0 0
15# + - - - + 30# - - - + -
X, - 1140 X, - 75 X3 - 2 5 X, - 19 3 X5 - 0. 75
Note 4=""g % 2% 57 BT 49 " #% 50 5T 4
3
Table3 Realtsof exper ment
Obijective function/% Objective function/% Objective function/% Obijective function/%
Trial Na Trial Na Trial Na Trial Na
Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2
1# 96. 45 87. 02 12# 97. 97 101 09 23# 78 55 84 15 34# 62 10 67. 40
2# 92 43 84. 10 13# 84. 09 89 77 24# 72 20 7777 35# 77. 49 85 46
3# 86. 38 92 30 14# 89 74 86 30 25# 74 42 68 29 36# 75. 60 79 47
4% 95 51 82 56 15# 83 15 92 12 26# 68 94 66. 15 37# 81 79 73 44
5# 94 61 88 9 16# 84 95 86. 91 27# 70 17 67. 97 38# 79 21 98 46
6# 94 77 84. 70 17# 76 03 74. 70 28# 68 60 66. 08 39# 80. 38 78 37
T# 92 73 91 54 18# 74. 30 76. 64 29# 62 23 73 60 40# 79 45 82 52
8# 94 82 72 32 19# 79 58 84 04 30# 65 39 69. 85 41# 82 34 84. 95
o# 95 70 84. 80 20# 79 06 82 83 31# 68 61 76. 56 24 77. 56 74. 73
10# 80 70 99 87 21# 7771 84. 90 3R2# 64 32 76. 98 43# 78 20 78 38

11# 82 69 84 15 22# 77. 30 79 32 33# 81 35 90 95 44# 8019 78 10
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Table4 F value of effect of operatng parameterson the target function
Y1 Y2 Y1 Y2
Intercept Intercept
F Significance F Significance F Significance F Significance
paN 132 854 *o* 53 768 *o* A5 1573 * 0. 038
2 19 76 *o* 2 124 * 278 2 374 * 0 227
4] 1 863 * 2 844 * 274 Q0 024 0 040
p2) Q0 064 0 712 25 Q0 002 4. 466 *
5 Q 130 2221 * BA 0 085 0 379
A2 Q0 822 16 179 *o* B5 Q0 049 4. 489 *
A4 Q0 378 3 983 * A5 1 668 * 0. 503
A7 Q0 342 0_720
Note Fq 5 (1, 23) =1 39
y, =0 494x§ -0 002% % +0 011x, % +0 163x% % - ,
2 203% % - Q 015% +1 812x% - 30 788x + ,
33 169x; +266 353 (2) , ,
4 4 , 1280 30 min 95%
" 1)
22
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U0
90% , 5 2 5
3 2 1 (yl )
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Fig 1 Campari®on of various directed reduction methods of V -
2 Ti magnetite ore
08 ,

(m experment results in 48 min; e
ore direct reduction in fluidized bed in 2 h; a resultsof V-Ti

reaults of V-Ti magnetite

magnetite ore direct reduction in otary kiln in5 h; v reults of
V -Ti magnetite ore direct reduction in shaft fumace in8 h; » re-

ailts of V-Ti magnetite ore direct reduction in RHF in 30 min™)
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Fig 2 Predicted value of the model
Fe O, FeO , ,
1000
TO ,
2 6
24 Table6 Reault of the testify exper ment
! Schane Result/% Predicted value/ %
Na
! X /minxg /% x4 /% %1% y; Y2 Y1 Y2
(1), (2 ; 457 27 35 15 8845 6107 108 W65
Q Q @ @ a 46# 7 27 25 20 815 6190 10359 8580
=0; =0; =0; =0; =0 4T# 30 27 25 Q05 %5 705 %73 HU®R
O 0% 0% 0% % 48# 30 200 25 Q5 9228 869 833 815

y, =206 623 (% =3400 058, x, =314 250, X%

24 565, %, =0 249, % =4 519)
y, =38 988 (x =1114 135, % =126 986, % =

24 452, x, = , % =2 554)
, 1280
7 30min,
20% 22 7% 25% 3 5%
Q5% 2 0% ,
6, ( 3 )
5
Table5 Statistic parameters of them odel
Parameter  Standard deviation © ) Multiple(r)
Y1 4 106 Q 930
Y2 5 153 0 885

3

Fig 3 Picture of reduction productions
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33

vy =0 475% +2 194X +8 839% - O 027% % -
Q 023x% % +2 565x,x% +Q 122x, +Q 565x% -
16 109x% - 12 685x, +11 276x +84 425

y, =0 494)%2 -0 002% % +0 011x % +0 163% % -
2 203% % - Q 015% +1 812x% - 30 788x +
33 169x%, +266 353

3
4 1280 30 min
22 7% 2 5%
Q 5% )
95 54%
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Carbotherm ic Reduction of V-TiM agnetiteOre

Zhou Lanhua'®" , Tao Dongping, FangM inxian’, Zeng Fuhong’, Pu Xid& (1 Faculty of M aterial
and M etallurgical Engineering, Kumming U niversity of Science and Technology, Kurmming 650093,
China; 2 Faculty Institute of M aterial Engineering, Panzhihua University, Panzhihua 617000, China)

Abstract: A testwas designed with orthogonal regres
sion, and in laboratory using electric fumace o simu-
late RHF (rotary hearth furace) process o investi-
gate the effects of temperature, tme, carbon rate,
powvdered metal and ©odium salt ratio on the metalliza-
tion rate and lossoxygen rate during V-Ti magnetite
ore carbothemal reduction process The experiment
resultswere regressed and the relation model was built
up betveen the rate of metallization and lossoxygen

and paraneters, and the optimized lution was ob-
tained and validated The results shoved that the re-
duction tamperature of V -Ti magnetite ore with pow-
dered metal and ©dium salt could be reduced obvious
Iy And the rate of metallization could be achieved o-
ver 95% under the condition of 2 5% of powvdered
metal, 0 5% of dium salt, tenperature about 1280
, and time about 30 min

Key words V-Timagnetite ore; carbothemic reduction; orthogonal regression; rate of metallization



