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Optimization of converter dephosphorization process by
simulation calculation based on FactSage

ZHU Shan, ZHANG Lin, LI Song

(School of Chemistry and Materials Engineering, Liupanshui Normal University, Liupanshui 553000, China)

Abstract; Dephosphorization has always been a high concern in the metallurgical industry. The melting

temperature has a great impact on dephosphorization. Exploring the influence of main components in lig-

uid steel on the melting temperature and the influence of different component contents on the liquid

phase zone have laid a theoretical foundation for further optimizing dephosphorization process parame-

ters. Therefore, this paper combines dephosphorization theory with factsage software for simulation cal-

culation, the effects of CaO, SiO,, P,0O;, MgO and FeO contents on the melting temperature are stud-

ied, and finds the best slag content combination through single factor analysis, orthogonal experimental

analysis, analysis of variance and phase diagram analysis. The experimental results show that the melt-
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ing temperature decreases with the increase of SiO, concentration, the melting temperature increases
with the increase of CaO concentration, the complete melting temperature decreases when MgO is be-
tween 3% ~7.5%, and the melting temperature decreases with the increase of P,O; concentration. CaQ
has the greatest influence on the initial melting temperature, and Si0, and FeO have the greatest influ-
ence on the complete melting temperature. At the lowest initial melting temperature, the lowest values
of various factors are; CaO=26%, Si0,=24%, FeO=21%, P,O;=9.8%, MgO=9%, and at the low-
est complete melting temperature they are: CaO=38%, SiO,=22. 5%, FeO=18%, P,O;=5. 3% and
MgO=3%. The effects of CaO content on FeO-SiO,-P,; phase diagram, FeO content on CaO-SiO,-P, s
phase diagram and SiO; content on the liquid phase region of CaO-FeO-P;O; phase diagram are analyzed
and compared. The results show that with the increase of CaO content, the temperature of liquid phase
region in FeO-SiO,-P,;system increases, and the liquid phase region at 1800 °C expands. The increase
of FeO content has an obvious effect on the liquid phase region of CaO-FeO-P, ;s system, especially in
the range of 15% ~18%, the temperature range of 1600 °C continues to expand, and the temperature
range of 1400 “C and 1600 “C increases. The increase of Si(); content has the least effect on the liquid
phase range of CaO-FeO-P, ;s system, that is, it increases the melting temperature, which reduces the
content of P,Os in the slag and is conducive to dephosphorization.

Keywords: Converter dephosphorization; FactSage; Phase diagram; Melting temperature; Orthogonal

experiment
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Tab. 1 The main substances and contents in the converter

slag
BIvES CaO SiO; FeO P, 05 MgO
/% 26~35 18~24  15~21 3.8~9.8 3~9
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Fig. 1 Effect of SiO, contents on melting temperature
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Fig. 2 Effect of CaO contents on melting temperature
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Tab. 2 Experimental factors level

Fig. 4

12507
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MgO 7 /%

A3 MgO 45 shihta Y
Fig. 3 Effect of MgO contents on melting temperature
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19 F B R HELL P, Os 1998 20 5 42 3 49 .
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MIRZIR. SEEEE R 4 iR, PO R A A
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EALIR E R T REES Y P08 KT

CaO/%  SiO:2/% FeO/% P20s/% MgO/ %
1 26 18.0 15.0 3.8 3.0
2 29 19.5 16.5 5.3 4.5
3 32 21.0 18.0 6.8 6.0
4 35 22.5 19.5 8.3 7.5
5 38 24.0 21.0 9.8 9.0

FER H FactSage #5006 A0 15 BE 52 e st
KM Los (6°) 1F 32 S 56 F AR5 [ B 2 O AS ) ¥k
FEXT A AL B 52 . AR LB kT 25 4. 9F
FARENWIE L IR BE ISR 3 FIEk 4 s,

R A 2 AT L B e %4> 32 B a0 %o G 4
IR BE B AR L. SR 3 B T A U
XTGBT 2 s e, LAl 22 LR
R(Ca0) >R (Si0,) >R (Mg0O) >R (P, O;) >
R(FeO). AU, FFURIE IR BE 32 CaO 5 5 52 i
W, U2 SI0, &, Jaie FeO &, HHIRIE
PRI FAIC L 45 B T 5 IR : CaO=26 26, SIO, =
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YEATRE e » 45 IR e IR AE R - CaO=38 %0, SI0, =
21% ,FeO=16.5%,P,0-=3. 8% ,MgO=9%.
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Tab. 3 Orthogonal experiment table of initial melting tem-

peratures

l‘:\_’\\ . Y
T o/ S0/ O/ PrOs/% MgO/ v TR

P L/ C
1 26 18.0 15.0 3.8 3.0 1261. 56
2 26 19.5 16. 5 5.3 4.5 1244. 90
3 26 21.0 18.0 6.8 6.0 1218.12
4 26 22.5 19.5 8.3 7.5 1168. 75
5 26 24.0 21.0 9.8 9.0 1165. 44
6 29 18.0 16.5 6.8 7.5 1319. 67
7 29 19.5 18.0 8.3 9.0 1205. 32
8 29 21.0 19.5 9.8 3.0 1170. 20
9 29 22.5 21.0 3.8 4.5 1261. 74
10 29 24.0 15.0 5.3 6.0 1184. 39
11 32 18.0 18.0 9.8 4.5 1260. 42
12 32 19.5 19.5 3.8 6.0 1300. 13
13 32 21.0 21.0 5.3 7.5 1311. 59
14 32 22.5 15. 0 6.9 9.0 1306. 63
15 32 24.0 16.5 8.3 3.0 1299. 82
16 35 18.0 19.5 5.3 9.0 1361. 35
17 35 19.5 21.0 6.9 3.0 1280. 82
18 35 21.0 15.0 8.3 4.5 1276. 82
19 35 22.5 16.5 9.8 6.0 1215. 66
20 35 24.0 18.0 3.8 7.5 1307. 37
21 38 18.0 21.0 8.3 6.0 1317. 30
22 38 19.5 15.0 9.8 7.5 1331. 05
23 38 21.0 16.5 3.8 9.0 1379. 42
24 38 22.5 18.0 5.3 3.0 1269. 30
25 38 24.0 19.5 6.8 4.5 1261. 56

P 1 1211.754 1304.060 1058.090 1302.044 1256.340 1253. 374
Y 2 1014.264 1272.444 1291.894 1060.306 1263.324 1259. 758
P(E 3 1295.718 1271.230 1252.106 1279.596 1033.120 1296. 575
P 4 1288.404 1244.416 1254.634 1253.602 1287.686 1040. 760
PIE 5 1313.962 1031.952 1267.378 1228.544 1283.632 1266. 272

W2 299.689 272.108 233.804 241.738  254.566 255.815

% 4 0L £ B R AR I AL TR B A
FRm, Hoh e 22 Fe R R(SI0,) >R (FeO) >
R(P,0;)>R(Ca0) >R (MgO). 5&4& W10k Z
FEB A5 e B, Forh SiO, W EE I FeO e B Xt
SERIRALTRIE S e W . 58 AL IR eIk . %%
B 1 5 I A 7 - CaO=38%, SI0, = 22. 5% , FeO=
18%,P,0s =5. 3%, MgO=23% ; 5 4 45 Ak 1 B ot
W& TR B AR E  : Ca0O=129%, SIO, =21%,

FeO=19.5%,P,0:=9. 8% ,MgO=3%.

Rl RERUBREEIIER

Tab. 4 Orthogonal experimental table of complete melting

temperatures
S X f A v
r&rg CaO/%  SiO2/%  FeO/%  P20s/% MO/ % g‘gﬁgﬁ
1 26 18.0 15.0 3.8 3.0 160341
2 26 19.5 16.5 5.3 45 1449.18
3 26 21,0 18.0 6.8 6.0  1385.32
4 26 22.5 19.5 8.3 7.5 1325.45
5 26 24,0 21,0 9.8 9.0 1389.35
6 29 18.0 16.5 6.8 7.5 1437.83
7 29 19.5 18.0 8.3 9.0 1403.32
8 29 21,0 19.5 9.8 3.0 188204
9 29 22.5 21,0 3.8 45 1484.66
10 29 24,0 15.0 5.3 6.0  1325.38
1 32 18.0 18.0 9.8 4.5 1535.64
12 32 19.5 19.5 3.8 6.0  1544.75
13 32 21,0 21,0 5.3 7.5 1440.83
14 32 22.5 15.0 6.9 9.0  1367.92
15 32 24,0 16.5 8.3 3.0 1286.32
16 35 18.0 19.5 5.3 9.0 1661.43
17 35 19.5 21,0 6.9 3.0 1607.69
18 35 21,0 15.0 8.3 45 1606.78
19 35 22.5 16.5 9.8 6.0  1458.42
20 35 24,0 18.0 3.8 7.5 1474.50
21 38 18.0 21,0 8.3 6.0  1620.31
22 38 19.5 15.0 9.8 7.5 1571.05
23 38 21,0 16.5 3.8 9.0 1669.09
24 38 22.5 18.0 5.3 3.0 1269.30
25 38 24,0 19.5 6.8 45 1603.41

M 1 1434.564 1571.724 1494, 908 1555.282 1529.770 1506. 844
H{E 2 1506. 646 1515.216 1460. 168 1429.224 1540.900 1579. 863
(3 1435.092 1596. 812 1413.616 1485.418 1466.836 1477.213
P 4 1561.782 1385.112 1612.344 1452.398 1453.794 1496. 630
P 5 1551.598 1420.818 1508.646 1567.360 1498.282 1449. 662

W 127.218  211.700 198.728 138.136  87.006 130.201

25 b FRATT T BRI B3 X A T AR A ] f
ARSI AELXH T b A T 5 58 A A TLIEE A8 52
A5 AT 2 0 Hr s, CaO Al SIO, 35 4
XEOT U A IR S i B A . BN 58 e AR I
R ELR A2 SiO, Al FeO & . fMA CaO,
R BERR 2 L Th A P Os KA i B #B 2 TR
Ferb SIO, X A i B2 52 e e W A
3.1.6 FESM TR ML
BINkZ—. ARCE S WA R 2 1
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Tab. 5 Variance analysis of initial melting temperatures

FEWE N % 5 I o TR PR T (HAR (R AS B i
(D) FFIRIELRE A P, O; & et TG LI,
TE 3. 8% ~5. 3 yu I R T . (5) IEILIRIEZ
MgO V& R M I SR VR AL T 4. 5% ~6 26 i)
PIE B R S5 2R B 5T 6 V0 ak 8 T 551K
VAR MR E AL T 690 ~7. 5% 22 ] Iy i & 5 1F
LR HEAL T 7. 5% ~9. 0% I I 4 F Ak Uik i
NAT /NI T B R

5%y i 2= J5 H Fib  Fla5E
CaO 307 601. 486 4 1. 354 2. 780
SiO; 241 414. 899 4 1. 063 2. 780
FeO 178 711. 991 4 0. 787 2. 780
P,0; 184 355. 794 4 0.811 2. 780
MgO 233179.719 4 1.026 2. 780
R 51 618.47 24

R6 TEBRUBEHFESTR

Tab. 6 Variance analysis of complete melting temperatures
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Fig. 5 Main effect diagram of starting melting temperatures
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3.1.7 B A TRV L E AR B
SR b 2 B 45 B 1l o0 X A AR I s ), A
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PEIRBEAA I WA, (D 24 CaO SHAE 26 %0~
29 Z (A1, FF AR IR AL TR E S CaO & 2 R G
% Y CaO F8AE 29% ~32% Z [ i}, FF4h 54k
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Fig. 6 Main effect diagram of complete melting temperatures
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