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Equilibrium between Liquid Iron-chromiﬁm Alloy and Silica-saturated Slag.

" Yasushi KoyiMA and Kokichi SANO

Synopsis: ,
Recently, physico-chemical researches have been done by many laboratories for stainless
steel making practice. Chromium and silicon are the most important elements in acidic steel

“making but it is not well known how they react eacl other. So long as the structures of
slag are not fully understood physically and chemically, the various reactions between the.

acidic slag and the liquid iron-chromium alloy will not be solved definitely. However, the
authors tried to observe accurately these various reactions and to obtain fundamental data
for acidic steel making practice.

* Although generally chromic oxide is d1ssolved in ionic state in the 51l1ca saturated slag,
"and chromium ion could not be measured directly in the present work its reactivity, chara-
cter and component were examined from experimental data, and compared with the results
of other works. " ‘

The relation between the distribution of chromium in two phases and FeO in slag shows

that the oxide of chromium in the slag was dissolved,: w1th -its component nearly equal to
-that of CrO. e '

The equilibrium data for silicon and chromium with acidic slag showed that the folloming
chemical reaction occurred in two phases, -

(CrOy.07) +0°5388i=Cr+ (Si0)
g— . ler
ESio-s38. (CrO)

log K'=—5738/T—=3"179

‘In the range of above 5 weight per cent chromium, the exper1menta1 data agreed with the
values, calculated values using the equilibrium formula, but under 5 ‘weight per cent, the
experimental data were smaller than the calculated.. - - - ’

" The solubility of oxygen showed a good agreement with the previous data in the range -

above 3 per cent chromium but under that the experimental value was higher than in the
other reports. (Received 15 June 1963)
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A. Gas flow meter.
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G. Hg-overflow bulb. H. Water cooling jacket.
- Fig. 1.
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Fig. 2. Furnace used for equilibrium
experiment. ‘
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g @ Ar-gas from the bombe.
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B. Silica gel.. C. Natronasbest,
F. Mg-Tip furnace.
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+Table 1.
1600°C
Weight of metals and oxides (g) . . Analyses of metals and slags '(.weight %)
Sample| : . » ' . .
amelel pe | Cr |Fe-Si|Fes0s[Cri0s| SiO2| [01 | [Crl | [Si] |(SiOy) | (FeO) | (Cr) | Ler
62-21| 150 2 1 8 4 8 0°0533 112 0*001>| 49°90 345 13°8 12*3
- =22} 150 -4 1 8 4 8 0°0458 2°08 0°003 | . 46°60| 26°1 | 18°4 8°85
23| 150.| 6 . 5 5 | 10 | 070343 | 3°53 |0°018 | 49°711| 176 | 25°2 7413
-24 150 10 1°5 4 8 8 0*0270 | 5°77. | 0°033 46°64 119 29°7 515
-25| 150 15 2. 4 8 8 0+0305 7°66 0°078 474, 8°8 317 4-14
=26 150 19 2 4 8 8 9+97 0143 476 6°7 52°5 326
. =27| 140 21 2 1 10 8 0°0321 11°30 0°228 484 6°2 33°0- 2°92
-28| 140 256 |2 2 10 8 0°0335 13°31 0°285 477 4°5 33%6 2°52
-29| 130 26 2 1 10 8 0°0373 14+33 0+295 48°0 44 33°7 2°35
-30 150 0 0 0 10 8 0°*0605 1+31 0°001>| 48°5 2849 144 110
1650°C "
eo-a1l 1501 3 | os| 8| 2| & | oor0a | 100 |0-001>| 484 | 350 | 121 | 12°1
-42| 150 | 4 05 8 2 8 0°0476 1°65 0°001>| 49°4 268 178 108
-43| 150 6 . 1 7 3 8 2*91 0°001>| 49°3 196 234 g-04
-44:° 1507 - 10 1 6 4 8 0°0450 4-51 0°020 49°5 15°7. 27°4 6°08
-45/ 140 15 1*5 6 6 8 0°0365 6°99 0°115 49°0 9:01 316 4°52
-46| 140 19 |- 15 5 7 8 00469 8°61 0°195 48°9 8+10 320 3°72
-47| 140 21 2 3 7 8 0°0402 9+78 0227 50-2 4°37 33°0 344
-48| 140 25 2 2 -8 10 0°0451 11°46 | 0°319 511 502 334 2°92
-49|. 130 27 2 1 9 10 0°0429 | 13°66 0°347 51-1 36 34°0 249
-50| 130 30 2 0 10 10 0°0419 | 15°37 0°500 50°6 4°63 341 2°20
1700°C
(FeO)
62- 1| 150 15 1 4 4 8 0°0794 122 0°009 474 321 14°0 11-4
- 20 150 3 1 6 6 10 0°0789 188 0°016 48°7 277 16°8 894
- 3 150 3 1 - 2 8 10 00642 229 0°01l6 | 49°2 22°4 21°6 9°43
4 150 8 15 6 6 10 00641 3+81 0°+038 476 17°0 27°1 7°11
- 5 150 12 2 4 8 8 0°0706 6°06 0175 | 49°3 15°1 27°2 4°4%
- 6| 150 16 2 4 8 8 0°0608 7°75 0+216 485 10°5 314 4°05
- 7;- 150 21 2 4 8 8 0°0521 1005 0°309 49+8 7°83 324 322
- g8 150 | .23 2 0 10 10 0°*0557 1168 0°391 50°1 664 33°1 12483
-9 150 23 2 4 8 8 0°0558 | 10°59 0°384 | 49°8 6°97 330 312
-10; 150 30 2 4 8 8 0*0554 | 12°21 0-481 B53°6 4°+93 33°C 2854
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On the Formation of Internal Cracks in Heating Process

of High Carbon Steel Ingots.
(Study of thermal stress cracks in steel ingots—IV)

Takahivo HARA

Synopsis: .

Through a series of experiments and theoretidal calculations we disovered that 1°4t cir-
cular ingots (400mm § X 1,500mm) and 1°7t square ingots (400mm § X1,500mm) of high-
carbon-chromium steel suffer cracking due to to thermal stress when heated to the rolling
temperature in a reheating furnace.

The results obtained are as follows:

(1) To find out the period and the surface-center temperature difference at which the
internal cracking may take place, we heated the ingots at varios heating speeds in a Batch -
type furnace. Cracks developed only in the ingots in which transformation had been comp-
leted, and whose surface-center temperature difference at the completion of transformation
was over 230°C~240°C in calculated value. And this critical temperature difference was
identical with both of the circular and the spuare ingots.

(2) From the inspection of many of the iﬁgots of the above two types which had under
gone cracking after heating in a continuous reheating furnace, we could find again that
cracking took place only in the ingots whose core had completed transformation with surface-
center 'temperature ‘difference of more than about 240°C. Thus we can say - that the
continuous furnace of this type must have the heating capacity smaller than 30t/h to prevent
cracking.

(3) With several typical examples of heating curves of ingots in the continuous furnace, we
made calculations of the thermal stress which occurs inside the ingots and found that elastic-
plastic stress and plastic strain increase violently at the core of the ingot when the core
completes the transformation. But in all the calculations of rapid heating the maximum
thermal stress value remains in this case constant at 9°1 kg/mm? with the exception of the
increase of plastic strain. ’

-On the other hand, if the increase of plastic flow delays in proportion to the increase of
plastic strain and strain rate because the plastic flow is retarded by the triaxial tension stre-
sses of the core part, the increase of the stress in the flow state becomes greater than the
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