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Table 1 Composition of titanium concentrate
TFe TiO, FeO Fe,0, CaO MnO MgO SiO, AlO; V,0; HAth
32.2 46.6 35.5 6.5 1.1 0.8 32 3.7 1.0 0.5 1.1
B2 BERS R W R (0 e T, AR S 0 TR
Table 2 Coal composition s ine#s .
78.26 11.76 9.98 2 S Iy
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Table 3 Test program of single factors

WO i gy, S0C sme GRG e smn S
1250 10 0 1350 20 0 1450 30 0
1300 10 0 1 400 20 0 1250 35 0
1350 10 0 1450 20 0 1300 35 0
1 400 10 0 1250 25 0 1350 35 0
1450 10 0 1300 25 0 1400 35 0
1250 15 0 1350 25 0 1450 35 0
1300 15 0 1 400 25 0 1400 30 1.5
1350 15 0 1450 25 0 1400 30 2
1400 15 0 1250 30 0 1 400 30 2.5
1450 15 0 1300 30 0 1 400 30 3
1250 20 0 1350 30 0 1 400 30 35
1300 20 0 1 400 30 0 1400 30 4

FE LR R S B SRtk b, AR o L 2k e v
JRE, AR @A Y J9mid RifE, RH Design

Expert HFit = B =K F T RYSES . SRER T
AT 5L LK 4.

x4 LWRBUEBUKFSHmBE

Table 4 Actual and code value of the variables
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K kb C G5 J2BR/min i 5 SEBR/% G5
T A t B M C
1450 1 35 1 4 1
0 1375 0 225 0 2 0
1300 -1 10 -1 0 -1
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Table 5 Program and results of RSM test

A B C Y% A B C Y% A B C Y% A B C Y™ A B C Y /%
1 -1 0 17.1 0 1 -1 53.2 1 0 -1 64.4 1 0 1 22.4 1 1 0 75.3
0 1 1 64.3 0 0 0 433 -1 1 0 422 0 0 0 49.3

1 -1 0 8.8 0 0 0 432 1 0 1 73.4 0 0 0 42.2

1 0 1 17.5 0 -1 -1 315 0 0 0 45.5 0 1 1 24.5
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Table 6 ANOVA without manual operation

£ MK 0=0.05 26 F T

SRIR Rl df Y77 F{H P BERE
Y 6378 12 531.5 65.9 0.000 5 *
A 2396.1 1 2396.1 297.1 <0.000 1 o
B 945.56 1 945.56 117.24 0.000 4 *
C 42 1 42 0.52 0.5103
AB 153.76 1 153.76 19.07 0.012 *
AC 42 1 42 0.52 0.5103
BC 81.9 1 81.9 10.16 0.033 3 *
A? 64.04 1 64.04 7.94 0.0479 *
B? 103.17 1 103.17 12.79 0.023 2 *
C? 55.33 1 55.33 6.86 0.058 8
A’B 113.25 1 113.25 14.04 0.02 *
AC 12.01 1 12.01 1.49 0.289 5
AB? 399.03 1 399.03 49.48 0.002 2 *
Pure Error 32.26 4 8.06
Cor Total 6410.26 16

VE: P<K0.000 1, NAEFEZE, F**FER; P<0.05, NEZF, H*ER; P>0.05, NAEZ.

M 6 Al WL, B P=0.000 5<0.05, WL
ARG, AT P<0.0001, RURES Y #0H
W 3% B. AB. BC. A% B>, A’B. AB*%
TUH M P ¥/NT 0.05, RUJIXELITNT Y 15200 5.
F; C. AC. C*. A2CETHM P {HIKT 0.05,
FH C. AC. C*. A2C FEIUHXT Y WA &35

(2) i AR AR A A4
P BAE XS Y R AN 2 2% AT F sl Ak,
HRIWEK 7. FRIRAIERBIRNAL Y 55500
SR RVQEIVE[ ECYR
Y=44.70+24.48A+15.38B+6.20AB+4.52BC-
3.90A’-4.95B>+3.62C*+7.53A’B+3.48A’C-14.13AB’
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Table 7 ANOVA analysis with manual operation

SRR V7 df ¥175 F {4 P{ BERRE
TR 6369.6 10 636.96 93.98 <0.000 1 o

A 2396.1 1 2396.1 353.54 <0.000 1 o

B 945.56 1 945.56 139.51 <0.000 1 ok
AB 153.76 1 153.76 22.69 0.003 1 *

BC 81.9 1 81.9 12.08 0.0132 *

A’ 64.04 1 64.04 9.45 0.021 8 *

B’ 103.17 1 103.17 15.22 0.008 *

c? 55.33 1 55.33 8.16 0.028 9 *
A’B 113.25 1 113.25 16.71 0.006 4 *
A’C 483 1 483 7.13 0.037 *
AB? 399.03 1 399.03 58.88 0.000 3 *

Residual 40.66 6 6.78
Lack of Fit 8.41 2 42 0.52 0.6293 not significant
Pure Error 32.26 4 8.06

Cor Total 6410.26 16

VE: P<0.000 1, NAEHWEE, H**&R; P<0.05, NEE, H*FR;

P>0.05, NAEEH.



%2
2025 4 4 H

iy

B R TR Bt @ ok 6 B 5 2 A LB R 8 T R ‘175 -

P b X & IR omT R R R R
XY (B&ELR) FREEREmE, XY
M EBEREE N A GRE) >B (KD >C (8
M InE) , AB GRE SR R EEH) >
BC Chn#f (A 52 in &M= HAERD

B 7R W, J7 250 8 453 2 1) R U P=
0.629 3>0.05. HER K P<0.000 1, KINAE 2,
PR R 2, RO SRS T AT . 22
AT Y 5556 Y H2 R (K3 ,
PIE IR R B R N 0.997. AL, RN Y 14
HSmG Y ENA R RAF, SR BA R A T
BRI - SR RN R A R i 1447 43 B 5 T
80
70 b
60 |
50
40}
30+
20+
10 b

Y (B /%

0 10 20 30 40 50 60 70 80
Y ISESAE /%
3 REFUNE Y 5XHEY 2BEXFH
Fig.3 Relationship between predicted value of Y by the
model and test value of Y
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Pre-reduction of Titanium Concentrate with Pulverized Coal and Iron
Power Based on Response Surface Methodology Method

ZENG Fuhong, ZHOU Lanhua
(Vanadium and Titanium Resource Comprehensive Utilization Key Laboratory of Sichuan Province,
Panzhihua 617000, Sichuan, China)

Abstract: This is an article in the field of metallurgical engineering. The single factor and response surface
experiments of heating reduction of titanium concentrate powder adding pulverized coal and iron powder
were carried out, respectively so as to study the effects of temperature, heating time and iron powder addition
on iron oxide reduction in titanium concentrate. The three regression model of iron metallization rate was
constructed, and the influence law of various influencing factors on iron metallization rate was explored. The
single factor test shows that the iron metallization rate can be significantly improved above 2.5% in the range
of 1.5% ~ 4.0% of the addition amount of iron powder. The response surface method experiment shows that
temperature is the most important factor, followed by time and then amount of iron powder, and the
interaction between temperature and time is greater than that between heating time and the amount of iron
powder added in the degree of influence on the reduction of iron. The iron metallization rate can reach
86.79%, and metallic iron obviously appears in the reduced product at the optimized conditions of 1 450 C,
33.5 min and 4% of iron power addition.

Keywords: Metallurgical engineering; Titanium concentrate; Iron oxide; reduction; Response surface
methodology; Iron metallization rate
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