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Microscopic Formation Mechanisms of P,O;-containing Phase at the Interface between Solid CaO and Molten Slag
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Synopsis
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: It is quite important to reveal the microscopic reaction mechanisms and the role of the solid and liquid phases in the solid CaO coexisting

flux in the hot metal dephosphorization process. In the present study, solid CaO piece and FeO,—CaO-SiO,-P,0; slag with various FeO, and
P,0; contents, and Ca0/SiO, ratios of the slag were reacted at 1573 and 1673K. The interface between solid CaO and molten slag was ob-
served and analyzed by SEM/EDS. Microscopic reaction mechanisms between solid CaO and molten slag was discussed with changing reac-
tion times, slag compositions and temperatures. The CaO-FeQO, phase adjacent to solid CaO, and the CaO-SiO, or CaO-SiO,—P,0; solid
phase coexisting with the FeO,—CaO-Si0, liquid slag next to the CaO-FeO, phase were observed for all slag compositions, temperatures and
reaction times. Phosphorus was condensed as 2Ca0 - SiO,~3Ca0-P,0; phase more easily in the case of higher CaO/SiO, ratio and higher
FeO, content in slag. There was a linear relationship between P,O; content in 2CaO-Si0,~3Ca0O-P,0; phase and the distance from
CaO-FeO, phase to 2Ca0 - 5i0,-3Ca0 - P,0O; phase. The P,O; content increased from CaO-FeO, boundary toward bulk slag, and P,0; con-
tent in the condensed phase near the CaO-FeO, phase increased with increasing reaction time. This P,O; concentration gradient tended to di-
minish. These results suggest that the condensation of phosphorus as 2CaQ - SiO,-3Ca0O- P,0, phase was controlled by P,Os diffusion from
bulk slag to reaction interface, not by absorption of P,0; into 2Ca0 - SiO, particle.

Key words : multi phase flux; hot metal dephosphorization; CaO; interface; microscopic reaction mechanism.
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Table 1. Slag compositions.

Ca0/Si0, FeO Ca0 Si0, P20s
Slag types
(mole ratio) (mass%)
Al 1.0 25.0 314 33.6 10.0
A2 1.0 30.0 29.0 31.0 10.0
A3 1.0 35.0 26.6 28.4 10.0
A4 1.0 40.0 24.1 25.9 10.0
B 12 250 343 307 10.0
C 1.3 25.0 35.6 29.4 10.0
D 1.5 25.0 37.9 27.1 10.0
P 1.0 25.0 36.2 38.8 0.0
Q 1.0 24.8 35.8 38.4 1.0
R 1.0 24.3 35.1 37.6 3.0
S 1.0 23.8 34.3 36.9 5.0
T 1.0 23.0 33.3 35.7 8.0
U 1.0 22.5 326 34.9 10.0
Table 2. Experimental conditions.
Cooling Temp. Reaction time (s)
Exp. No. Slag
method X) 2 5 10 20 30 35 40 100
1 Al o O O O
2 B O o O O
3 C o O O
4 D 1573 O o O O O
5 A2 o O O O
6 A3 o O O O
7 Ad Quenched by o O
8 Al Ar flushing o o o O O
9 B o O
10 C o © O
11 D 1673 o o O O O
12 A2 o o O O O
13 A3 o o O O O
14 A4 o o O O O
135 P O O O O
16 Q O O (@) O
17 R Quenched by 1573 O O O O
18 S liquid nitrogen O O O O
19 T O O O O
20 U O O O O

*QOpen circles represent conducted experiments.
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Fig. 1. Cross section of experimental apparatus for solid
CaO dipping experiments.
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Fig. 2. SEM image of the interface between solid CaO and
slag-C reacted at 1673K.
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Table 3. Results of EDS analysis for the interface between
solid CaO and slag C after 2s at 1673K (mass%).
Positions are shown in Fig. 2(a).

Position FeO CaO SiOs P,0s AlOs
1 0.1 99.9 0.0 0.0 0.0
2 38.0 494 3.7 0.0 8.9
3 40.1 48.1 3.2 0.0 8.6
4 9.7 60.4 22.1 4.9 2.9
5 6.2 60.2 253 5.2 3.1
6 23 62.3 27.5 4.6 33
7 26.9 50.5 11.6 22 8.8
8 72 61.1 23.5 6.6 1.6
9 32 63.3 24.8 73 14
10 12.5 55.4 21.6 6.5 4.0
11 1.4 62.9 27.5 7.8 0.4
12 5.2 61.0 25.8 5.8 22
13 2.1 60.4 27.2 6.0 4.3
14 8.3 49.9 22.0 1.2 18.6
15 7.9 52.4 21.7 0.0 18.0
16 21.5 40.9 21.1 0.0 16.5
17 3.0 58.4 255 10.6 2.5
18 4.6 50.1 25.5 8.3 2.5
19 19.0 46.0 24.3 0.9 9.8
20 6.2 553 24.5 10.7 33
21 5.3 58.7 22.9 11.3 1.8
22 7.4 54.2 24.5 10.4 35
23 10.9 49.9 25.1 9.9 4.2
24 35.0 31.7 23.4 5.4 4.5
25 103 473 24.7 8.8 8.9
26 10.5 47.5 23.5 124 6.1
27 7.7 50.4 223 14.1 55
28 23.4 34.8 30.3 0.0 1L.5
29 227 32.1 31.6 22 11.4
30 227 32.4 30.3 34 112
31 20.7 353 27.6 6.2 10.2
32 21.6 373 26.7 5.7 8.7
33 22.0 34.1 27.5 6.5 9.9
34 15.1 59.4 18.3 29 43
35 30.7 48.9 11.4 0.0 9.0
36 1.2 63.2 27.5 72 0.9
37 1.5 62.3 257 103 02
38 2.1 62.3 26.3 8.7 0.6
39 353 44.8 8.4 0.0 11.5
40 1.9 60.2 23.9 13.7 03
41 6.9 56.0 22.7 10.1 43
42 14 62.8 27.5 7.6 0.7
43 6.8 52.0 22.8 13.1 53
44 10.3 46.8 24.1 12.1 6.7
45 23.0 324 31.8 1.8 11.0
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M2 7 5% 2Ca0-SiO, Iz K 2 &HEMlE N 5,

—77, A9 7 HD P,0,1d 2Ca0 - SiO,— & FeO, LI e A
5 & HAFMH O H 12 2Ca0 - S10,-3Ca0 - P,0, [ ¥4 & X 7Ca0 -
28i0, P,O,MDF =7 L ¥ 2 3w 24 b, 5Ca0-Si0, P,0s
DY) AH— 24P UTIEL T,

3.2 CaO-FeO,#H

Table 112789 A1, B, C,DDKZ T 7 L CaO % 1ST3K K
U'1673K TRIB & B 72 & & D CaO-FeO MDD JE & & X
IBHE O HIRO B % Fig. 312, 22T, HOFEX
RO SEM A% & 0 HIl5E L 72 CaO-FeO, A D 10~30 & Fir
DEXDOFHETH 5, K IZid Hamano 5923, CO
CO,IRA H A % FHWTREESR 7 T T - 72 EERA IR & f
AL 2o AFEBRICHWZ CaOX R ZHFB LTI L T
WBEA, BEISFHRARBEGS ZEPHELVWEDIC
CaO-FeO HDJFE X FPMEMEBEIZ L > TES5 D20 TEHED,
% 72 RG2S RN 72 0 IZFRE N K E L 5 B 720,

75

[tk CaO- A A 7 2" Wil 51T 5 P,0, BEHOHARE L RAE R

Table 4. Results of EDS analysis for the interface between
solid CaO and slag C after 5s at 1673K (mass%).
Positions are shown in Fig. 2(b).

Position FeO CaO Si0, P,0s Al Oy
1 22 97.7 0.1 0.0 0.0
2 40.9 45.5 3.9 0.0 9.7
3 39.1 46.2 5.4 0.0 9.3
4 39.6 46.7 5.1 0.0 8.6
5 6.3 57.8 26.6 6.8 2.5
6 1.5 61.2 30.1 5.3 1.9
7 33.4 38.3 13.3 0.0 15.0
8 14.8 52.8 18.8 6.8 6.8
9 1.9 57.8 26.9 11.5 1.9
10 1.2 60.0 25.1 13.7 0.0
11 2.6 60.3 22.9 13.9 0.3
12 33 622 233 9.7 1.5
13 5.8 57.1 23.7 7.8 5.6
14 27.4 354 15.6 0.8 20.8
15 17.6 41.7 23.6 1.8 153
16 5.5 56.5 239 11.0 3.1
17 5.1 53.6 24.8 14.2 2.3
18 9.3 49.7 24.6 10.0 6.4
19 22.8 31.8 28.6 0.0 16.8
20 16.2 432 227 6.8 11.1
21 219 34.4 25.2 1.3 17.2
22 21.5 35.6 26.5 2.6 13.8
23 15.2 40.9 23.9 7.6 12.4
24 19.6 35.3 25.3 7.5 123
25 20.7 37.2 24.2 5.1 12.8
26 (8.8 36.0 25.8 49 14.5
27 16.9 37.6 27.5 5.7 12.3
28 2.1 63.0 27.5 7.0 0.4
29 0.4 62.6 26.0 10.5 0.5
30 5.8 59.6 23.7 6.7 42
31 1.3 61.5 26.2 9.8 1.2
32 5.6 56.3 232 11.0 3.9
33 14.0 51.6 19.0 2.4 13.0
34 7.7 534 28.0 5.7 5.2
35 3.4 58.3 24.1 13.4 0.8
36 6.4 59.8 23.6 7.9 2.3
37 5.9 56.5 27.2 8.2 22
38 2.8 57.7 21.4 17.3 0.8
39 12.5 46.6 22.8 7.3 10.8
40 8.4 52.9 23.8 8.6 6.3
41 15.1 50.9 19.8 3.2 11.0
42 2.2 62.6 11.2 23.5 0.5
43 31.0 32.0 13.0 0.0 24.0
44 1.2 60.4 26.3 12.1 0.0
45 4.0 59.9 24.1 10.7 1.3
46 11.1 51.4 24.8 5.1 7.6
47 0.8 60.1 27.5 10.4 1.2
48 11.7 53.9 24.4 2.1 7.9
49 9.8 53.8 23.8 6.4 6.2
50 1.0 62.5 252 10.1 1.2
51 4.3 60.8 24.1 7.9 2.9

—EBD R TIFMEDIE X & RGO 7 RO BRI A
B 6 DI 6D EARE VA, BFRMIZEHOE X IIK
WREBOTHMICEBEZHAL THE I b,
CaO-FeO MO ER BB L > THEBRI ATV S,
1573K 28T, A T 2 H CaO/Sio, b D B MIZ - TH
DR X DOIENMEE N KE L & o7z, WAHFIZ2Ca0-Si0, 1
AR E R, ZORPE U 72 & RE FeO M 2 5 O [ 1A
CaO I~ D Fe*" DPLEIZ K - T CaO-FeO M TERL &
38, CaODWRIZL D, 27 ZHHA2Ca0- Si0, fd Fl ik
MHRIZE L, 2Ca0-Sio, K E b, Ca0/Sio, A
2 Z 27T 2Ca0 - Si0, BIFITAHFRE 1232 U 72FR D FeOIRE 43
KBV, ZOREMBRICE-72EFELLND,
CaO-FeO MDA B 1Z 2Ca0 - Si0,— i FeO VR T X 7 2
1EAH2 & D F* DRI K BMAIHE I W TWhW 5,
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Table 5. Results of EDS analysis for the interface between solid CaO and slag C after 10s at 1673K (mass%). Positions are shown

in Fig. 2(c).
Position FeO CaO Si0; P,Os AlLQO; 40 31.8 289 23.6 0.0 15.7
1 0.0 99.5 0.0 0.0 0.5 41 9.0 51.9 17.3 19.0 2.8
2 44.7 53.8 0.8 0.0 0.7 42 9.5 50.4 18.7 16.6 4.8
3 27.5 47.8 17.5 1.7 5.5 43 274 29.6 26.7 0.0 16.3
4 6.4 61.2 26.0 4.8 1.6 44 9.8 50.3 18.6 16.4 4.9
5 354 534 5.7 1.7 3.8 45 32.7 26.0 26.0 0.0 15.3
6 46.5 23.8 12.2 1.4 16.1 46 24.6 34.2 233 7.0 10.9
7 4.7 64.5 25.5 4.9 0.4 47 23 62.6 274 7.7 0.0
8 52.9 19.2 6.4 0.0 21.5 48 2.0 63.7 23.1 10.2 1.0
9 47.2 22.8 8.2 0.0 21.8 49 1.5 62.3 21.0 14.7 0.5
10 23.2 42.8 12.0 0.0 22.0 50 0.6 62.1 24.0 133 0.0
11 43.2 30.1 9.2 0.0 17.5 51 0.4 60.7 26.2 12.7 0.0
12 2.2 65.3 24.5 7.7 0.3 2 1.6 61.1 223 14.9 0.1
13 1.3 62.9 26.1 9.6 0.1 53 1.7 60.8 25.4 12.1 0.0
14 0.5 61.3 28.3 9.0 0.9 54 2.1 60.6 23.9 13.2 0.2
15 32 60.6 26.3 8.5 1.4 55 34 60.3 24.6 10.7 1.0
16 2.2 61.6 26.9 7.9 1.4 56 2.4 60.0 27.4 9.6 0.6
17 432 28.8 10.6 0.0 17.4 57 1.6 60.5 21.3 16.4 0.2
18 30.6 36.4 14.9 2.3 15.8 58 1.9 62.5 21.4 13.7 0.5
19 1.6 60.3 22.6 13.8 1.7 59 22,0 43.5 22,5 0.0 12.0
20 0.8 62.6 27.6 7.7 1.3 60 2.7 59.4 223 154 0.2
21 3.8 62.6 232 8.9 1.5 61 8.8 56.1 233 8.9 29
22 2.5 61.5 253 9.8 0.9 62 15.5 48.8 21.3 8.1 6.3
23 2.5 60.8 25.4 10.4 0.9 63 8.6 54.1 24.4 10.6 2.3
24 1.4 64.7 23.1 10.6 0.2 64 5.1 59.5 19.1 14.7 1.6
25 2.3 62.9 25.8 8.4 0.6 65 6.3 56.5 18.1 16.5 2.6
26 2.8 59.1 22.8 14.1 1.2 66 8.5 51.7 214 133 5.1
27 1.8 61.5 243 12.4 0.0 67 8.1 56.4 18.6 13.5 34
28 2.7 60.2 24.2 12.6 03 68 31.9 282 253 0.0 14.6
29 3.3 57.4 26.3 12.9 0.1 69 31.3 28.9 25.5 0.0 14.3
30 3.0 61.9 283 6.4 0.4 70 30.1 31.5 242 2.0 12.2
31 32.0 28.3 16.8 0.0 229 71 294 30.0 258 1.3 13.5
32 6.3 57.8 27.9 5.8 22 72 235 355 253 3.9 11.8
33 16.7 47.0 22.2 6.4 7.7 73 39 57.6 23.6 14.5 04
34 31.4 317 18.7 0.0 18.2 74 274 38.5 19.2 0.0 14.9
35 5.0 56.3 24.4 13.8 0.5 75 1.9 60.9 24.6 12.3 0.3
36 28.3 322 24.0 0.0 15.5 76 320 31.9 16.6 0.0 19.5
37 329 29.4 232 0.0 14.5 77 325 31.0 20.1 0.0 l6.4
38 2.4 57.1 16.2 23.9 0.4 78 9.6 54.2 24.7 6.0 5.5
39 4.4 57.9 19.8 16.1 1.8 79 3.3 59.8 26.2 10.2 0.5
80 80
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Fig. 3. Relationship between thickness of CaO-FeO, layer and time

ratio slag at (a) 1573K and (b) 1673K.
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Fig. 4. Composition of 2Ca0 - Si0,~3Ca0 - P,O; phase after reaction between solid CaO and A1-A4 slags at 1573K for 10s.
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Fig. 5. Composition of 2Ca0 - Si0,—3CaO - P,O; phase after reaction between solid CaO and A1-A4 slags at 1673K for 10s.
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Fig. 6. Results of EDS analysis for positions in samples after the reaction at 1573K; (a) slag A1 for 10 to 405, (b) slag B for 2 to

30s, (¢) slag C for 2 to 10 s and (d) slag D for 2 to 35s.
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Fig. 7. Results of EDS analysis for positions in samples after the reaction at 1673K; (a) slag Al for 2 to 30s, (b) slag B for 2 to

5s, (¢) slag C for 2 to 305, and (d) slag D for 2 to 30s.

JE A AR CaO HID 2Ca0 - Si0, D P,ORE & D & &< &
5, ZOBZIZLOPODBENRALEL S EEL LN
5.

P,0, D 2Ca0 - SiO, NDRAT IR ITE NP DT, P,0,D
BRI O RGHERSE, /S Lo 25 25 5 O P,0, DI
PHBE LTI D, PO, DR AR IZ D A % [EFE VR
TE5LTHERETHEEELONS,

3-6 RUbiEE

Inoue 5 2% 55 I T 2Ca0 - Si0, NP0, BNHLD A F T
¥j— 75 2Ca0- Si0,-3Ca0 PO A K T 51X £ 2Ca0-Si0,~
3Ca0 - PO MHDHUZIEF I N Z & 2R TH D, KHf
FTTCa0 & A T 7 DRIBIZ & > T2Ca0-Si0, ¥WEK T 5D
%> 2Ca0 - Si0,-3Ca0 - PO Wl VE kA A KT % O 7 % R §
BDIZREETH B, —F T, Fig. 8T/ L7z K 9 1Z2Ca0-
Si0,-3Ca0 - PO [l VA R D PO IR FE I BT & & & 125
<Akb, AT 7HICFLET % 2Ca0-Si0,~3Ca0 - PO, [H V4
HIZP,0 MWD AT NS, PLEDREERR X D [k CaO
L 27 RIMTO PO, B HMEDERBIREILL TD LI

79

HErbhd, TOEKX%Fig 1015/ L 72,

1. FEfKCaON R 7 ZICHR L, WEMHIZ2Ca0-Si0, M %
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&L, (Fig.10(a))
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(Fig.10(c))

4. B D P,041%, LR L 72 2Ca0 - Si0,(-3Ca0 - P,05)
EDORIEA ML, MR 2Ca0- Si0,-3Ca0 - PO, [H7E
RIZA B, (Fig.10(d)
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Fig. 8. 3CaO-P,04 content in the 2CaO-SiO,~-3CaO-P,0; phabe after reaction between solid CaO and molten FeO ~CaO-

Si0,—P,0; slag at 1573K on the reported phase dlagram

C,8=a’'-2Ca0- Si0,, C;P=a-3Ca0-P,0,, A=7Ca0"2Si0,-

P,0,, R=(-2Ca0 - Si0,)—~(-3Ca0 - P,Os) solid solution, and S=solid-solution field.
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Fig. 9. Relationship between P,O5 content in 2CaO - SiO,—
3Ca0O-P,04 phase and the distance from CaO-slag
interface to 2CaO-SiO,~3Ca0-P,0; phase after
the reaction between solid CaO and slag-C at
1673K.
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Fig. 10. Formation mechanisms of P,O; containing phase at the interface between solid CaO and molten FeO,~CaO-Si0,-P,0O;

slag.
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