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THE EFFECT OF Si, Cr, AND Mn ON THE EQUILIBRIUM OF CARBON
: AND OXYGEN IN MOLTEN IRON SATURATED WITH CARBON

{Equilibriuim of carbon and oxygen in molten iron saturated with carbon—II)

- Siro Banya and Sachio Matoba

Synopsis: :
As the further study of the :previous. work (Tetu-to-Hagané, Vol. 43, 1957, p. 790) the
effect of alloying element on the equilibrium of carbon and oxygen in molten iron saturated
_with carbon was investigated for liquid alloys containing up to 5°29, Si, 20% Cr and 409 Mn
at 1400°C 1500°C and 1600°C, respectively. ‘
It was disclosed that the addition of silicon decreased the concentration of carbon and oxy-
gen in molten iron, and the addition of Cr or Mn increased them.
From these data, the following results were obtained.
1) The effect of an alloying element on the solub111ty of graphite.
" ANE=-0'72Ng <0*09Nsi
AN =021 Ngy " <0*1Ner
ANE" 2011 Nm ’
These functions were independent of temperature

where ANE=NEZ-Ng

N&=mole fraction of carbon in carbon-saturated iron

NZ=mole fraction of carbon in Fe-C-X liquid alloy saturated with carbon
" Nx=mole fraction of alloying element dissolved in liquid alloy 0
2) For the interaction parameter of oxygen and carbon in molten iron e{®, the following
value was obtained approximately.
eiP=23log f/d Cop=—032

C—{—O=COYA C. saturation)------------(4)
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Table 1. Composition of the samples.

| C (%) Si(%) | Cr(®%) | Mn() P (%) S (%)
1 421 1+41 — Trace 04025 0022 .

. 2 3-98 3427 _ P 0029 04026
Fe-C-Si all

e-C-Si alloys 3 3+51 414 — ” 0026 04021

4 2+81 520 — ” 0027 . 0°024

é 3:16 0-012 477 © 0+010 0°012 0011

Fe-C-Cr alloys 382 0-011 9+34 0-011 0°010 0°010

7 3 4-65 0-012 136 0-010 0010 0-011

4 374 0°010 196 | 0.010 0012 0012




REMMIAFIC Y 5 RELBFEOFH (1) 645
Table 2. Experimental data of Fe-C-O-Si (C sat.) system (02 X 1079
Sigs, 1-42 3+27 4°14 5°20
Temp. | B2 [ cop |09 | HE2S | Co |09 |HE2® | €% |09 | 5 | C% | 0%
F 1 5-02 206 | G 1 4+37 .| 174 | H 1. 4417 111 I1 3+87 89
2 4+92 157 3 4+47 138 2 4418 89 2 3°97 98
3 4+08 179 4 4+45 136 3 4-33 %8 3 378 |. 91
1600°C 4 509 194 5 4-47 141 4 4°17 94 | 4 - 3-93 71
- 5 4-93 212 6 4-50 132 5 4417 100 5 3497 70
6 4+98 188 7 4+35 120 6 4°22 84 6 3+98 86
7 5+01 196 7 4-10 77
Average | 4°99 190 4+44 | . 140 4+19 93 3+92 84
J 1 4+79 165 | K4 4427 106 | L1 3497 94 | M2 3°69 77
3 "4+91 145 5 4<21 | 144 2 392 107 3 3°66 78
6 4-81 243 6 4-21 148 3 392 90- 4 370 88
. 7 4-82 179 7 4417 155 4 393 116 5 364 99
1500°C - 4°84 177 8 4419 -| 106 5 4+03 119 6 356 o7
9 491 164 9 4427 135 6 | 4°+08 114 7 3°58 | 83
10 4-84 179 10 4°24 115 7 409 106 8 3463 87
11 4+78 236 11 4-16 130 8 3-97 105 9 361 81
‘ 9 3°96 107
Average | 4°84 186 421 130 3:99 106 3463 86
N 1 4460 174 O1 4+00 126 P1 366 104 Q1 3+44 93
4 4+59 203 4 4°10 151 2 3476 105 2 3+33 85
' 5 4+65 214 5 393 167 3 3+60 97 3 3+31 98
1400°C 6 4°51 150 6 4+00 116 4 374 98 4 348 | 126
7 4+42 206 7 3-97 136 5 378 110 5 3-36 97
8 4+51 196 8 3:92 149 6 374 153 6 338 83
9 450 205 9 3-98 114 7 3+70 103 7 3440 87
Average | 4°54 193 399 137 3-70 110 3-39 96
Table 3. Experimental data of Fe-C-O-Cr (C sat.) system. (09,1075
Cro, y 477 9+34 1346 1946
Temp. | D31 | o, | 09 | B2 | Cc% | 0% Heats | co, | 09 | B2 | Co | 0%
CA2 5+81 371 | CB2 | 6°00 | 390 | CD2 | 637 498 | CE 3 | 6°80 621
4 579 | 375 3| 6°'10 456 3| 6°37 470 4 | 681 562
5 5+80 332 4 | 6°13 328 4 | 6-43 414 5 | 6°88 602
1600°C 6 5-83 339 5 | 6704 412 5 | 6°47 415 6 | 6-82 442
7 580 389 6 | 6°15 399 6 | 6442 420 7 | 6°82 505
8 5479 312 7| 6°09 393
9 5-81 341
Average | 5°80 351 6°09 396 641 443 6°84 546
CF1 5'57 306 | CG1 | 5+81 338 | CH1 | 607 443 | CI 1 6465 537
2 5452 357 3| 5+82 364 2 | 622 432 2| 660 539
3 5+52 287 4 | 5°84 364 3.1 6724 390 4 | 6°63 546
1500°C 4 5+46 373 5-1 5°79 357 4 | 6*17 463 5 | 6766 536
; 5 556 316 6 | 584 449 5 | 622 386 6 | 6°63 533
‘ 6 550 347 7 | 5°80 332 6 | 6°18 419 7 | 6°60 445
7 5-53 343 8 | 668 435
Average | 5°52 324 5482 367 6°18 422 664 505
P CJ1 521 309 | CK1 | 5%62 302| CL2 | 6°02 407 | CN 1 643 418
2 535 275 2| 5-67 384 3| 5°93 344 2 1 641 433
3 5439 247 3.| 5°67 332 4 | 6°03 393 4 | 6°43 486
1400°C 4 5+39 346 4 | 5465 315 5 | 6-01 362 5 | 6°42 424
5 5°30 282 5 | 5°67 335 6 | 6°00 369 6 | 6°39 477
6 5+36 295 6 | 565 320 7 1 601 381 7 | 6°39 446
Average| 5-33 292 5466 331 | sBe99. | 376 641 447
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Fig. 1. Solubility of graphite in Fe-C-Si

alloys.

—O— Present work
————— Chipman and others
— = ~— Piwowarsky. Sthichtel
-------- Mukaiyama

—— Sauamira

2 1 3 1

S 32

[ / 2 3 9 5
— S5/ % . .

‘Fig. 2. Solubility of graphite in Fe-Si-C

alloys at 1500°C.
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Table 4. Comparison between experimental and calculated values of oxvgen contents
in Fe-C-Si and Fe-C-Cr system saturated with carbon at 1600°C

Alloying 0%
element | Co < < fo
Xo Calculation Experiment
1°42 4°99 0025 094 | 0°0024 0°0023 00019,
Fe_C_Si 327 444 0°037 . 086 | 0°0032 0°00i7 0°0014,
4+14 4+19 0-045 083 |  0°+0037 0-G014 0°0009;
520 392 0+055 ' 0°79 | 0°0044 00012 0:C008,
477 580 0-014 060 |  0-°0083 0- 0064 | 0°0035,
Fe-C-Cr | 9+34 6°09 0°011 0-43 | 0-0047 0011y i 0°0039
C 1376 641 0008, 0°3¢ |  0-0030 0017 00044,
L 19+6 684 00065 0°37 | ° 00017 0+031, | 07005
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