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- PIG IRON BY MANGANESE

(1)

(Eﬂ’ect of Si, P on Mn-S equilibrium in C-—Saturated ‘molten 1ron——Part 1)

Synopsis:

Kokichi Scmo Dr. Sc.,

Michio I nouye

In a previous paper it was shown that the high sulphur potential in carbon-saturated 11qu1d

iron resulted in the effective desulphurization by manganese.

pp. 517 & 535)

(’l‘etsu -to-Hagané vol. 43, 1957

In this second report, the effect of silicon and phosphorus addition to carbon-saturated iron
“melts on the Mn-S equilibrium was investigated. ' '

Thé results showed that the silicon addition improved desulphurization by manganese’ in
higher silicon range, but on the contrary the phosphorus addition had somewhat reverse effect
However, since such effects were ‘negligible in their ' lower contents such as below 2%, i
should be especially emphasized that the desulphunzatmn limit of normal blast furnace‘pxg

iron was wholly dependent upon the carbon saturation. .

The effect of silicon or phosphorus addition presumably was ascribed to increase or decre-
ase of activity coefficient of the sulphur'in those melts, which was estimated referring to the
previous data of the experiment on Fe-Csat-Mn-S system.

The results approxumately agreed with those calculated by Wagner s equation in their lower

contents.

_Finally, the effect of dissolved sulphur on the solubility of carbon in Fe-C-Si and Fe-C-P

melts were discussed.
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Fig. 1. (a) Carbon solubility in liquid Fe-C-
Si melts at 1400°C and (b) log fs related to
Si pct. :
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Fig. 2. (a) Carbon solubility in liquid Fe-C-
P melts at 1390°C and (b) log fs related
to P pct.
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Fig. 3. Mn-S equilibrium in C-saturated molten
iron containing various Si contents at 1400°C.
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Table 1. Equilibrium data on C-saturated Fe-Si-Mn-S melts at .1400°C.

Heat | Temp.| Time | Initial. S|  Metal 9 at Equilibrium | s
f : ! . — . -——K''=[Mn%] [S%] Cal ‘;: 41
No. (°C) :(mn) | ¢ | C S | Ma S ale.Eq(41)
v 1 i i
Series I : ! j : i i
S—30 | 1400 | 80 | 0-63 418 | 207 | 0°57 0497 | 0+283 ] 401
S—31 ° # . 90 ., 0°63 4*17 | 1°99 | 0°66 ' 0°378 " 0°248 I 4+4
S—32  # . €0 0-58 | 397 = 2:01 | 076 = 0°318 0-241 ! 4-1
S—33 # 70 0°58 | 4*20 , 1'98 . 098 04276 ! 0-270 44
S—36 = # 60 0.56 | 4°29 | 2:05 , 163  0°152 | 0-248 : 4°5
S —37 # 60 | 0447 440 1°96 | 2-c8 0104 |- 0216 i 4+5
S—39 # | 60 | 039 4+*19 | 2°10 | 284 = 0-087 0°246 " - 4+1
S—40 4 . 60 | 0°39 4°34 | 2°01 | 2°98 * 0067 0°199 I 4+2
S—41 # . 60 . 0'39 | 4°36 | 2°38  3°68  0°059 : 0-216 § 4°4
S—44 . 7 . 60 | 0°58 | 4°22 | 226 ' 098  0+2i8 0-214 ; 4+8
S—45 @ # | 60 ! 065 4-17 2°04 | 0-41 0°478 | 0°196 4°5
S—a6 | 7 60 | 0742 424 | 1+97 1°45 ' 0-158 0°230 474
Series I | ‘
S—1 ! 1400 | 60" 0-35 367 | 3+91 2:81 | 04072 0201 446
S—2 2+ . 70 0°50 3'59 | 4-01 | 060  0°260 , 0156 5°1
S—3 ' 7 | 60 0°50 3443 424 | 042 | 0°367 ! 0" 154 5+1
S—e6 7 60 0-31 3+61 412 | 137 ¢ 0°138| -  0°188 5+1
S—7 7 70 0+30 3+78 | 398 | 174 | 04097 0-171 5+1
S—8 ' 7 | €0 0+30 3*70. | 404 | 2:32 | 0-087 | . 0°202 5-0
§—9 60 . 0+25 3°84 | 3°86 | 2°56 | 0-098 | 0250 4+9
S—i0 7 60 0+25 3'74 | 42 ' 330 ! 07057, '0-188 4-8
S—11 z 60 0+25 3°79 | 41 365 | 07050 | 0+183 4+9
S—13 z 60 0+56 3°52 | 3°e4 | 0766 | 0°274 0*181 4°5
S—i5 | 7 | 80 0-47 349 | 4-01 1:06 |.0°176 0+187 4+8
S—16 ' 7 1 €0 061 3+37 | 399 | 0°50 | 0-343 0°170 447
Series T |
S—20 1400 .| 60 0°35 2°30 | -8°19  0'6% | 0-148 0-101 96
S—21 7 90 0°53 2445 | 7°92 | 0°91 0-156 0+142 9-2
S—22 | 7 90 0-48 2+61 8:00 | 1+14 | 0-141 0-161 95
S—23 | 7 I 60 0+47 250 | 815 | 150 | 0-091 0°135 9:6
S—24 | # 60 0747 269 | 8°15 | 1°46 | 0°103 0*150 10°0
S—26 | 7 | €0 0°50 2°72 | 810 | 2+42 | 0°068 ! 0°165 9+7
S—27 ' # | &0 062 233 | 8°08 | 0°51 | 0+264. 0°135 8+9
S—29 . # | 90 0-36 255 | 8+20 | .20 | 04067 ! 0-216 9+2
S—s0 ! # [ 90 0-25 2-61 8420 | 368 | 0+056 0-206 9+2
S—51 | # 90 0+40 2°38 | 8'26 | 0-80 | 0-214 0°172 9-8
. S—52 | »# 90 0740 - | 2°60 | 7°87 150 | 0°113 0° 169 91
S—583 ' # . 90 0-40 2*55 | 800 | 05" | 0-193 0104 66
S—54 7 60 0-33 233 | 860 | 089 | 0°147 ! 0+130 10°1
S—s6 = 7 60 0°23 285 .. 754 | 324 | 0-052 | 0168 84
S—s7. . 7 60 0°23 262 | 8°07 | 230 | 0°052 0+133 9-2
S—s8 ; # | 90 0°26 2°60 | 7°78 | 2:90 | 0-048 07139 8*4
S—89 7 | 90 0-23 2°56 | 840 | 397 | 0+037 | 0147 9°4
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melts varies with Mn-S equilibrium (1400°C)
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Fig. 6. Mn-8 equilibrium in C-saturated
"molten iron containing various P contents
at 1370°C

Table 2. Equilibrium  data on C-saturated Fe-P-Mn-S melts at 1370°C.
Heat Temp | Time. | Initial Metal pct. at epuilibrium M S fs
K'"=[Mn][S] .
No. [(°C) | (mm)| s9 c P | Mn | S Cale. Eq(4°6).
Series 1 ! .
P—1 1370 90 — 4+28 1°96 2°72 0+071 0°194 38
P—2 ” 60 0°84 4+01 2°09 0-54 0°343 0-185 .39
P—3 v % 0°81 4+09 2+16 0°68 0+321 . 0°219 4+0
P—4 % 7 0°81 4+05 2+00 0-88 0246 0-217 3+9
P—s5 P 90 0°74 422 2402 1419 0°161 0°192 39
P—¢ 7 70’ 0-68 4+07 2°11 1+59 0°145 0°230 38
P—7 vt 068 416 | 217 | 175 | 0-118 0°207 39
\ , P—s A 041 4-15 2+07 2419 0°+085 0°185 38
P—10 ” % 0+34 4+20 2°10 273 0+068 . 0186 , 38
P—13 ” % 0434 425 2407 3412 0°054 0°169 347
P—14 790 0+48 4+32 2405 406 | 0-044. 0°180 . 3°6
P—15 v 042 4+36 2+08 3+95 0°054 0°212 3+7
P—l6 ” 7 056 4-18 | 2+01 152 |. 0+143 0+218 3+9
P—17 v ” 0°+89 4°13 2404 0°54 0-370 0°200 3.9
Series I !
P—31 # ' 65 0°59 3459 371 0+92 0°236 : 0+217 38
P—32 y 4 0°46 3+44 400 1°17 0-162 0+190 37
P—33 // 60 046 3°53 4°06 165 0+151 0°249 3-8
P—34 // 70 0+37 365 4+09 2+05 0+103 0°211 3-8
P—35 % 60 037 3+62 395 236 0-094 0+222 3+7
P—36 4y # 0+70 3443 381 056 0-412 . 0234 3+7
P—38 /x 7. 055 359 385 0+70 0-327 0°230 39
P—39 % 4 055 349 391 099 0-271 0°268 3+7
P—40 # ' 90 0+27 3°58 3+85 3-80 0°057 ' 0217 3+4
P—41 ” % 0°27 3+68 3+91 4+10 0°043 0°177 - 35
/ P—42 7, % 0°+35 370 385 374 | 0°064 | - 0°239 35
P—43 v —0°89 3443 414 051 0-518 0+265 . 3-8
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Fig. 7. Apparent equilibrium constant K''=
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