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OPTIMISATION OF SLAG CHEMISTRY TO IMPROVE
THE PROCESS INDICES OF MINI BLAST FURNACE

The entire life of a Blast furnace operator is spent to achieve the following aims:

— To increase the productivity of Blast Furnace as high as possible.

— To decrease the coke rate as low as possible to produce unit ton of hot metal.

— To produce the hot metal of superior quality with particular reference to Sulphur & Silicon.

— To keep the production cost as low as possible.

The process indices of Mini Blast Furnace are similar to that of a conventional blast furnace. But, conventional blast
furnace is capital intensive, solely dependent on good quality metallurgical coke, the gestation period is longer, and
requires elaborate burden preparation. There is huge gap between demand and supply of steel in India. Also, India is
dreaming to become developed nation by 2020. In such situations, the role of Mini Blast Furnace becomes very important.

The slag chemistry is an important parameter to improve the process indices of MBF. The slag chemistry includes
its chemical composition, liquidus temperature, fluidity, Sulphide capacity etc, which has an important bearing on the
smooth & efficient operation of the MBF.

The present investigation has been carried out at Tayo Rolls Limited, Jamshedpur. It has one MBF of 64m? working
volume and it produces 120T hot metal per day. In the present investigation, slag chemistry has been studied to control
the sulphur & silicon in the hot metal. Slag samples were collected & analyzed with respect to Al O,, SiO,, CaO, MgO &
FeO content. The respective hot metal analysis was also observed & a correlation has been developed between sulphur
in hot metal and other parameters mentioned above.

Sulphur and silicon level in hot metal have been aimed at 0.020 to 0.040 % and 0.095 to 1.80 % respectively. To
achieve this, numbers of process optimisation measures have been undertaken. A few key parameters like liquidus
temperature, basicity, Slag chemistry and Al O, in slag have been identified, which controls production of low sulphur
& low silicon in hot metal to produce superior quality of pig iron.

Indian raw materials such as iron ore with high alumina content & coal with relatively high ash content pose great
obstacles in lowering slag rate. In order to limit alumina concentration in slag below 20 %, the slag rate increases due to
use of silica and lime sources. Hence, reduction of slag rate could be one of the means to achieve higher blast furnace
productivity. Reduction of coke ash is one of the enabler for slag rate reduction.

At high alumina level, both viscosity and liquidus temperature of slag tends to rise adversely. It can be observed
that by maintaining higher slag basicity and MgO level, slag of favourable viscosity can be produced. However,
liquidus temperature increases at higher basicity. This can be overcome by maintaining higher hot metal temperature &
hence slag temperature.

Key words: Optimization, Mini Blast Furnace, Slag Chemistry, Process Indices.

1. Introduction. The sulfur content of pig iron ~ formerly known as Tata Yodogawa Limited. This
is an important parameter in the evaluation of the  research project started in May 2005.
quality of the pig iron as produced in the blast furnace High Alumina slags have high melting points and
process. Slag basicity and volume and the temperature  high viscosities. Therefore, to maintain adequate fluidity
and silicon content of the pig iron highly influence  in the slag, a high degree of superheat is to be main-
the sulfur content, and are, therefore, controlled during  tained in the hearth resulting in high silicon hot metal,
blast furnace operation. Though many studies have  high coke rate and lower productivity in order to improve
been performed concerning the optimum slag and  process indices of Mini Blast Furnace, one of the
pig iron quality, no explanation could be found why  important measures is to optimize the slag chemistry
some of the blast furnaces produced pig iron with a  with respect to its melting characteristics and fluidity,
considerably lower sulfur content, than what would  at the same time ensuring that the slag has an adequate
be expected on the basis of their slag volume and  desulphurization and alkali removal capacity.
composition, and why the produced sulfur content of The optimization of slag characteristics can be
the blast furnace did not always meet the expected  undertaken by understanding the effect of different
compositions. To get a better understanding of the  factors like ALLO,, Ca0/Si0,, and MgO on the
fundamentals of the sulfur distribution a Ph.D. project  liquidus temperature. Viscosity, desulphurization and
was started, which is sponsored by Tayo rolls limited,  alkali removal capacity.
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Impact of key parameters on hot metal Sulphur at Tayo Mini Blast Furnace:
Period of Investigation August-08 to October -08.

Day’s average of parameters considered.

Data Stratified with respect to Sulphur above 0.040 % and below 0.040 %.

Key Parameters % Sulphur < 0.040 % Sulphur > 0.040
% Sulphur 0.038 % 0.053 %

Slag Basicity 0.95 0.90

% MgO in Slag 10.10 % 11.40 %

% A1 0, in Slag 17.45 % 17.94 %

% FeO in Slag 01.96 % 02.16 %

Hot Blast Temp °C 647 °C 677°C

Coke Rate Kg/THM 632 658

Coke Micum (M-10) 833 8.45
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2. Theory. For better desulphurization the
following key parameters need to be controlled, slag
basicity, Liquidus temperature, %MgQO in slag,
% AL O, in slag. And hot blast temperature.

Liquidus Temperature of slag system Ca0-Si0,-
MgO-ALQ, system was measured. Alumina was
varied between 14-22% MgO between 2 and 10 %
and Ca0/Si0, ratio between 0.85 and 1.25, Liquidus
measurement were performed over a wide
temperature range. The compositions of slags were
determined by the chemical analysis of the post
measurement of slags. Some of the experiments were
repeated with new slag samples to ascertain the
reproducibility of results. In order to ascertain the
reliability of data produced in the present work , a
comparison between reported data and data of the
present investigation for Ca0-S10 - MgO-AlO,, slag
system was made, it is seen that result of present
work are close agreement with the reported work.

3. Results and discussion. The present inves-
tigation has been carried out at Tayo Rolls Limited,
Jamshedpur. It has one MBF of 64 m? working
volume and it produces 120T hot metal per day. In
the present investigation, slag chemistry has been
studied to control the sulphur & silicon in the hot
metal. Slag samples were collected & analyzed with
respect to ALO,, Si0_, CaO, MgO & FeO content.
The respective hot metal analysis was also observed
& a correlation has been developed between sulphur
in hot metal and other parameters mentioned above.

Sulphur and silicon level in hot metal have been
aimed at 0.020 %to 0.040 % and 0.095 %to 1.80 %
respectively. To achieve this, numbers of process
optimization measures have been undertaken. A few
key parameters like liquidus temperature, basicity, Slag
chemistry and Al O, in slag have been identified, which
controls production of low sulphur & low silicon in
hot metal to produce superior (SG) quality of pig iron.

Table 1. Shows the key parameters in Mini blast furnace on daily basis

Description/UOM 01-Jul-08 | 02-Jul-08 | 03-Jul-08 | 04-Jul-08 | 05-Jul-08 06-Jul
1 2 3 4 5 6 7

-08Hot Metal Production Tons/ Day 115 110 109 40 110 125
Cumulative Production 115 225 334 374 484 609
Coke Rate Net Kg/THM (DRY) 617 627 646 757 632 658
Coke Rate (Gross) Kg/THM
(Including Fines & Moisture) 898 904 936 1087 947 966
Coke Moisture Imp (%) 16.20% 15.40% 15.50% 12.80% 16.06% 11.80%
Coke Moisture TISCO (%) 15.30% 16.10% 13.00% 17.20% 17.80%
Coke Fines (Imp) (%) 18% 18% 20% 20% 20% 20%
Coke Fines (TISCO) (%) 18% 20% 20% 20% 20%
Iron Ore Fines (%) 7% 7% 7% 7% 7% 7%
Fe/C 1.75 1.72 1.68 143 1.70 1.65
Iron Ore/Coke 2.37 233 227 1.94 229 223
No of Charges (A/B/C) 44 /437421 42/41/43 | 427417431 22/0/33 | 40/38/42 | 50/56/54
Hot Metal Analysis (%) C 4.097 4.202 4.026 4.142 4.205 4.121

Si 1.393 1.193 1.148 1.778 2.296 1.273

S 0.088 0.082 0.096 0.054 0.029 0.101

Mn 0.391 0.445 0.365 0.450 0.429 0.350

P 0.128 0.136 0.180 0.170 0.129 0.157
Raw Material Cons.
Iron Ore (Tons/Day) 173.69 166.11 165.07 60.62 164.29 188.97
Iron Ore Fines(Tons/Day) 13.07 12.50 12.42 4.56 12.37 14.22
Gross Consumption (Tons) 186.76 178.61 177.49 65.18 176.66 203.19
Coke Imp (Tons/Day) 85.63 69.40 4226 17.60 42.09 49.62
Gross Coke (Imp, Tons) 104.43 84.63 51.54 22.00 52.61 62.03
TISCO Nut Coke (Tons/Day) 13.00 4226 17.60 42.09 48.00
TS Nut Coke Gross (Tons/Day) 0.00 15.85 51.54 22.00 52.61 60.00
Coke Fines (Tons/Day) 18.80 18..09 18.56 8.80 21.04 24.41
Lime Stone (Tons/Day) 18.68 1945 19.85 9.19 17.55 23.53
Pyroxenite (Tons/Day) 10.19 10.23 10.26 4.49 9.56 13.56
Manganese (Tons/Day) 1.61 1.58 1.59 0.73 1.51 2.05
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Continuation of table 1

1 2 3 4 5 6 7

Iron Ore On Date Stock 1453.85 1275.24 4493.57 4428.39 4251.73 4048.55
LA Imp Coke Stock 5238.76 5154.13 5725.74 5703.75 5651.14 5589.11
Nut Coke (TISCO) Stock 200.00 184.15 132.61 150.61 98.00 38.00
Slag Basicity CaO/SiO, 1.04 1.06 0.94 1.03 1.05 1.03
Slag Rate KG/THM 285 298 310 364 296 302
Slag Analysis (%) Si0, 32.55 32.70 33.40 33.30- 33.00 33.20

Al O, 17.20 17.94 17.78 17.54 1742 16.95

CaO 33.75 34.80 31.50 33.77 34.60 34.30

MgO 11.05 10.60 11.40 10.70 10.00 10.90

FeO 02.00 01.96 01.00 01.92 01.96 02.16
Blast Volume Nm*Hr 11273 11111 11028 10583 11031 12718
Hot Blast Temp°C 677 665 665 594 647 675
Hot Blast Pr Kg/em?® 0.650 0.671 0.110 0.647 0.702 0.758
Top Pressure Kg/cm? 0.252 0.251 0.269 0.282 0.267 0.269
Uptake Temperature °C 125 133 128 181 182 125
No. Of Taps/Day 10 11 11 5 12 12
Tap Hole Length (mm) 850 850 850 850 850 850
Stove-I Dome / Chimney Avg HBT 7417241678 | 732/227666 | 722/217666 | 694/191595 | 713/204648(724/211676
Stove-I1 Dome / Chimney Avg HBT 974/145677 | 969/150665 | 971/134665 | 964/134594 | 975/142649| 979/154 675
Stove-I1I Dome / Chimney Avg HBT 9097288676 | 913/258664 | 904/236664 | 913/167593 | 965/194644| 970/203674
Liquid Metal to Melting 0.000 0.000 0.000 0.000 0.000 0.000
Cumulative 0.000 0.000 0.000 0.000 0.000 0.000
DG Running Hrs (Hrs:min) 00:54 00:00 00:00 05:03 00:00 00:00
HSD Consumption (Litre) 205 5 10 745 10 15
Power (KWH / THM) 146 160 161 166 162 176
Make up Water (KL) 0 1 0 2 3 2
Water Hardness (ppm) 102 110 126 150 150
Daily Off blast (hh:mm) 00:00 00:00 00:30 09:50 00:00 00:00
Cumulative Off blast (hh:mm) 00:00 00:00 00:30 10:20 10:20 10:20

From the above table we can co-relate
the hot metal analysis with slag. Analysis.
We also know the Coke rate (Kg/Ton), slag

Table 2. Gives the variation of liquidus temperature of BF Slag with respect to CaO
at different ALO, and different MgO

Liquidus temperatures of BF Slags

basicity and slag rate.simmilar table was
made for whole year 2007-08, 2008-09 for
detail analysis.

Mgo
ALO, CaO

0 2 4 6 8 10 12 14 16 18
1 2 3 4 5 6 7 8 9 10 11 12
14 28 0 0 0 0 0 0 1284 1312 1368 1422
14 30 0 0 0 1246 1254 1288 1306 1340 1406 1452
14 32 0 1284 1260 1249 1279 1315 1338 1379 1423 1467
14 34 1324 1302 1277 | 1280 1316 1352 1377 1401 1441 1486
14 36 1331 1311 1301 1320 1362 1381 1403 1428 1466 1508
14 38 1338 1315 1319 1359 1404 1414 1426 1461 1494 0
14 40 1343 1329 1363 1401 1429 1436 1455 1492 | O 0
14 42 1346 1361 1402 1425 1445 1467 1488 | O 0 0
14 44 1359 1395 1434 1466 1484 1504 0 0 0 0
14 46 1403 1436 1460 1511 0 0 0 0 0 0
14 48 1487 | 0 0 0 0 0 0 0 0 0
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Continuation of table 2
1 2 3 4 5 6 7 8 9 10 11 12
15 28 0 0 0 0 0 0 1294 | 1323 | 1390 0
15 30 0 0 0 0 1256 | 1290 1315 | 1360 | 1423 0
15 32 0 0 0 0 1280 | 1322 1353 | 1393 | 1439 0
15 34 0 0 0 0 1325 | 1361 1389 | 1414 | 1456 0
15 36 0 1302 1299 | 1329 1375 | 1392 1414 | 1437 | 1478 0
15 38 1327 | 1311 1330 | 1376 1416 | 1424 1429 | 1470 | 1510 0
15 40 1335 1336 1386 | 1416 1434 | 1437 1458 | 1510 | O 0
15 42 1348 1384 1418 | 1435 1446 | 1465 1496 | 0 0 0
15 44 1378 1414 1444 | 1472 1516 | 1545 1564 | 0 0 0
15 46 1425 1449 1522 | 1512 1620 | 0 0 0 0 0
15 48 1508 | 0 0 0 0 0 0 0 0 0
16 28 0 0 0 0 0 1274 1317 | 1351 1424 0
16 30 0 0 0 0 1265 | 1296 1339 | 1391 1448 0
16 32 0 0 0 0 1290 | 1332 1379 | 1417 | 1460 0
16 34 0 0 0 1303 1337 | 1374 1409 | 1437 | 1476 0
16 36 0 1298 1309 | 1343 1388 | 1406 1430 | 1455 | 1503 0
16 38 1322 1321 1348 | 1396 1425 | 1424 1442 | 1485 | 1530 0
16 40 1338 1357 1408 | 1429 1440 | 1443 1467 | 1518 | O 0
16 42 1363 1409 1433 | 1448 1459 | 1475 1505 | 0 0 0
16 44 1404 1436 1466 | 1492 1502 | 1514 1542 | 0 0 0
16 46 1456 1483 0 1542 0 0 0 0 0 0
16 48 1529 | O 0 0 0 0 0 0 0 0
17 28 0 0 0 0 0 1281 1342 | 1384 | 1454 0
17 30 0 0 0 0 1272 | 1302 1364 | 1419 | 1470 0
17 32 0 0 0 0 1297 | 1340 1401 1440 | 1483 0
17 34 0 0 0 1315 1350 | 1390 1427 | 1457 | 1492 0
17 36 1313 1292 1324 | 1359 1398 | 1420 1441 1472 | 1531 0
17 38 1316 1339 1372 | 1410 1431 1439 1453 | 1492 | 1569 0
17 40 1344 1382 1423 | 1442 1447 | 1449 1472 | 1526 | O 0
17 42 1389 1429 1451 1464 1472 | 1508 1502 | 0 0 0
17 44 1435 1463 1490 | 1491 1504 | 0 0 0 0 0
17 46 1486 1516 0 0 0 0 0 0 0 0
17 48 0 0 0 0 0 0 0 0 0 0
18 28 0 0 0 0 1276 | 1288 1365 | 1417 | 1478 0
18 30 0 0 0 0 1279 | 1311 1389 | 1443 | 1492 0
18 32 0 0 0 0 1308 | 1352 1420 | 1461 1503 0
18 34 0 0 1287 | 1329 1362 | 1402 1443 | 1474 | 1510 0
18 36 1308 1298 1343 | 1376 1409 | 1431 1452 | 1484 | 1520 0
18 38 1317 | 1357 1397 | 1423 1437 | 1442 1460 | 1500 | O 0
18 40 1361 1409 1438 | 1453 1452 | 1452 1473 | 0 0 0
18 42 1416 1450 1467 | 1473 1476 | 1473 1499 | 0 0 0
18 44 1362 1484 1505 | 1486 1510 | O 0 0 0 0
18 46 1506 | 0 0 0 0 0 0 0 0 0
18 48 0 0 0 0 0 0 0 0 0 0
19 28 0 0 0 0 1283 | 1295 1387 | 1447 | 1502 0
19 30 0 0 0 0 1285 | 1319 1413 | 1466 | 1514 0
19 32 0 0 0 0 1321 1369 1439 | 1482 | 1520 0
19 34 0 0 1302 | 1345 1375 | 1416 1457 | 1489 | 1525 0
19 36 1302 1314 1364 | 1393 1418 | 1439 1462 | 1490 | O 0
19 38 1323 1379 1417 | 1437 1444 | 1446 1463 | 0 0 0
19 40 1384 1433 1454 | 1465 1457 | 1452 1469 | 0 0 0
19 42 1443 1375 1484 | 1479 0 0 0 0 0 0
19 44 1487 | 1503 0 0 0 0 0 0 0 0
19 46 1518 | 0 0 0 0 0 0 0 0 0
19 48 0 0 0 0 0 0 0 0 0 0
20 28 0 0 0 0 1296 | 1319 1414 | 0 0 0
20 30 0 0 0 0 1304 | 1347 1437 | 0 0 0
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The ending of table 2

1 2 3 4 5 6 7 8 9 10 11 12
20 32 0 0 0 1313 1343 1398 1459 0 0 0
20 34 0 1298 1322 1362 1394 1436 1471 0 0 0
20 36 1306 1340 1385 1412 1429 1450 1474 0 0 0
20 38 1342 1404 1434 1451 1452 1454 1471 0 0 0
20 40 1411 1453 1468 1472 1460 1452 1471 0 0 0
20 42 1468 1492 1496 1482 1468 1471 0 0 0 0
20 44 1506 1517 1508 1495 1511 1523 0 0 0 0
20 46 1528 1538 1535 1572 1580 0 0 0 0 0
20 48 1546 0 0 0 0 0 0 0 0 0
21 28 0 0 0 0 1316 1357 1442 0 0 0
21 30 0 0 0 0 1330 1386 1462 0 0 0
21 32 0 0 0 1331 1375 1433 1481 0 0 0
21 34 0 1305 1346 1380 1413 1456 1488 0 0 0
21 36 1319 1367 1403 1428 1441 1465 1486 0 0 0
21 38 1366 1422 1450 1459 1461 1463 1481 0 0 0
21 40 1438 1467 1481 1478 1464 1459 1488 0 0 0
21 42 1487 1505 1503 1486 1473 1478 0 0 0 0
21 44 1521 1530 1515 1508 1511 1516 0 0 0 0
21 46 1541 1552 1549 1568 1566 0 0 0 0 0
21 48 0 0 0 0 0 0 0 0 0 0

However in actual practice under Tayo Rolls REFERENCES

Conditions, alumina is not really a fixed value but
varies in in the range of 17-22 per cent. With
increasing level of alumina, the liquidus temperature
increases.

4. Conclusions. Based on analysis of Liquidus
temperature of slag as well as viscosity, desulphuri-
zation capacity and alkali removal capacity, Optimum
Slag Chemistry under condition prevailing in Tayo
Rolls Limited.Jamshedpur.India.

ALO, =17-23 %
MgO =8-10%
Ca0/8i0, =095-1.05%
Temperature => 1450 °C
Industrial Benefits:

— Mini Blast Furnace is easy to install.

— Capital investment is low.

— It is an economical process because mainte-
nance cost is low.

—Pig Iron is one of the Basic raw materials required
by Foundry & Casting Industries for manufacturing of
various types of castings for engineering sector.

— Academic Benefits:

— Basic process of Pig Iron manufacturing in
MBF is similar to large scale integrated industries.
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Pe3srome

JloMHa TTelTi omnepaTOpBIHBIH, XAkl XKYMBIC KeIeMi
MBIHAZIal MaKcaTTapra KOJI XeTK3Y YIIiH XyMcaabl:

— JloMHa IIeImiHiH XOFaphl eHIMIiNiriH OaphIHIIA
apTTHIPY.

— CyHBIK MeTaJl TOHHACHIH OHAIPY YIIMiH KOKCTHIH,
MIBIFBIHBIH a3aHUTY.

— Epekinie KyKipT eH KpeMHMiTe OaFbITTaIFaH XOFa-
PHBI carlajibl CYWBIK, METaJUT OHIIpY.

— ITlama KelreHIIe OHIiPiCTiK MIBIFBIHIBL TOMECHISTYTS
KOJIIay KepcerTy.

ITareIH HOMHA IIeNIiHIH ©HIIpPiCTIK YIepicTepiHiH
KepceTKillTepi oaeTTeri JoMHA el TepiHiH KepceTKilTepiHe
yKcac. bipak afeTreri 1oMHa IeITepi KOl MILIFLIHAB KaXeT
eTelli, aTall alTKaHIA: METAJLTYPTHSUILIK, KOKCTHIH, TeK oTe
XAaKCHI carlachlHA TOYeIlli, IiCill XKeTily Ke3eHi y3aK XoHe
MMUXTAHBIH YKBITITH JaABIHIBIFRIH KaXeT eTefli. YHIICTaHFa
00IaTThl XETKi3iT oKely MeH CYPaHBICH apachlHia YIKeH
ammuakTeK Oap. CoHpai-ak YHpmictaH 2020 XbLIFa JeiiH
OHJIipici TaMBIFaH eI 001yl apMaH ereli. MyHIai Xarnarna
mareiH fomMHa nemridid (IIAII) peni eTe MaHBI3OLL.

46



Hayunvie cmamuit u 0630pul

Kox xvvmsgcer HIII eHmipicTiK KopceTKilIiH XaKcapTy YIIiH MaHBI3IbL apaMeTp OOJBI caHalaasl. KoX XUMUSICH
OHBIH, XUMUSUIBIK, KYPAMbIH KYPaMIbl, MbICAJbl, TMKBUIYC TEMIIepaTypachl, aKKBIIITHIK, CYILGUATIH MILIFYHI, T.C.C. OyIap
TIIIT araTchl3 XoHe HOTUXETi KYMBIC iCTeyiHe MaHBI3Ibl KATBIHACHL Oap.

by zeprrey XymbicTap HXaMImeyp KaJackIHIAFR KayallKepIiliri mek ey T5io Payna3 KoMIaHWSICBIHIA OPBIHIAIBL.
By cepikrecTikTe XKyMbIc Konemi 64 M 6ip ITIITT Gap xkoHe ol KyHiHe 120 TOHHA CYMBIK MeTalll oHaipei. Byl 3epTTey KyMLICHIHIA
KOX XMUMHMSCHI CYHBIK MeTalmapIbH KYypaMbIHIAFEl KYKIipT IleH KpeMHM OakbLIay YIIiH 3epTremi. KoxX yarirepi XuHaIbII,
Al0,, 8i0,, CaO, MgO xene FeO Mermiepi 6G0MbIHITA TanTaHIsl. COHIAN-aK CYMBIK MeTATIBIH THICTi TaNIaYhl XYPIi3ini XoHe
CYMBIK MeTallIarbl KYKipT ITeH XOFaphla aTajFaH 0acka MeTajlIap apaMmeTpiMeH YIeCiMALIIT 3epTTelli.

CyYMBIK MeTaJIaFbl KYKIipT TieH KpeMHMHTiH gopexeci 0,020%-nan 0,40%-Fa neiiin xoHe tvicinme 0,095%-nau 1,80%-
Fa Jeiin OarbITTallFaH. MyHIal KepceTKilTepre KoJI XeTKi3y YIIiH yIepicTi oHTalIaHABIpYILIH Kelbip Imapanaphl
KapacThIpEUIFaH. MBbICalbl, IMKBUAYC TeMIIEPaTypackl, BATEHTTLIIK, KOX XMMHACH XoHe KoXaarsl ALO, CHAKTB XOFaphl
carajibl MOMBIH KYHMAChIH JafibIHAAyFa KaXeT CYMBIK MeTalIafbl KYKIipT TleH KPEeMHUIIIH ToMeH MeJIepiH oHAipyIi
OaKbLIAWTHIH KelOip OacThl ITapameTpliep aHBIKTaJIIbL.

YHIiTIK MIHKi3aT, MBICAJILI, KYPAMBIHIA ATFIOMAHWAMIIH XOFapEl TOTHIFEL Oap TeMip pyJackl XoHe KYJIIUIIT alTapIbIKTai
KOFAPHI KOMip KOX IIPOTIOPIMSCHH TOMEHIETY Ie KoTTereH Keiepri Kenripeni. KoxXmars! aFoMAHII TOTHIFLIHBIH, KOIOJIBIFBIH
20%-maH TeMeH IIeKTey YIIiH KOX TIPOTOPIMSICH KPEMHMIANIH KOCTOTHIFE MeH ©K Ke3JlepiH MaiaTaHyIsH apKachlHa
XoFapbuIainsl. COHIBIKTAH KOX MPOITOPIHSICHH TOMEHAETY JOMHA IeMIiHiH XOFaphl oHiIMIUIrHe KOJI XeTKi3yliH OipaeH Oip
KypaJtsl 60JIBITT TabbiIa b, KoKe KYITiH ToMeHIeTy apKBUILI KO X TTPOTIOPIMASICHIH a3aiTyFa 00TaIbl.

ATIOMUHWI TOTBIFBIHBIH, XXOFAPHI Iopexele O0JIYhI XoHe TYTKBIPIIBIK TIeH KOX JTMKBUMYCHIHBIH TeMITepaTypachl YpIiCTiH,
XKarbIMCBI3 ©HiMiHe oKeneli. KoXIbIH XOoFaphl BaJeHTTLIN MeH Mg nopexXeciH KoImail OTRIPBIIT TYTKBIPJILL KOJAMIEl KOX
OHIpYIe KOJI XeTKizyre 0onaabl. bipak Ta JIMKBHIYC TeMIIepaTypachl THIM XOFaphl BAJICHTTLIIKTe apTa Tyceli. CyMbIK MeTaJIbIH,
KOFApHI TEMIIepaTypachiH, COFaH COMKec KOXIBIH TeMIIepaTypACHIH KOJIAH OTHIPHITT OYJI KABIHITBUTBIKTEL XeHyTe 00TaIbl.

Kinr ce3aep: oHTalmaHABIPy, ITAFEIH TOMHA TIeTITi, KOX XUMUSICHI, OHIIPIiCTIK YIepicTiH KOpCeTKIlTepi.

Pe3srome

CymmapHast HapaOoTKa oIlepaTopa JJOMEHHOM ITIeUH TPaTUTCS IS JOCTUKEHUS CIIE Y OIIUX I1eJIeH:

— YBEIIUUATE KaK MOKHO BBIITIE IIPOJy KTUBHOCTh JJOMEHHOM IT€UH.

— YMEHBIIUT PacXo]] KOKCa JUIS IIPOU3BOJICTBA TOHHBI JKUJIKOTO MeTallla.

— [Tpou3BOMUTE KU IKUI1 METAIUI BBICITIETO Ka4eCcTBa ¢ 0COOON CCHUIKON Ha cepy U KpEMHHH.

—lloanepxuBaTh Kak MOKHO HUKE IIPOU3BOICTBEHHBIE PACXOIbL.

IToxazarenu pou3BOICTBEHHOTO IIpoIlecca MaorabapuTHOU JOMEHHO IIeUr UIEHTHYHBI II0Ka3aTelsiM 0OBIMHON JOMEHHOMN
rieud. Ho oObIMHAas JoMEHHAs IIeYb KAIUTaI0EeMKasl, 3aBUCUMAst ICKIIFOUUTENLHO OT XOPOITIEro KauecTBa METaILTy pPrUUECKOTO KOKCa,
TIEPHO /I CO3PEBAHMS JIOJIBITIE U TpeOyeT THIATENBLHOM IT0Ar0TOBKU IMUXTHL. MiMeeTest COIBIION pazphlB MEXKY CIIPOCOM U IIOCTaBKAMH
crany B Mapuu. Taxxe, HAMS cTaBUT 11€1b CTaTh IIPOMBIIUIEHHO pa3BUTON cTpaHoi K 2020 I. B Takux yCIOBHSX pOIb MAJo-
rabapUTHOH JOMEHHOU IIeUr CTAHOBUTCS OUEHb BAXKHOM.

XyMus ITUTaKa SBJISIETCS BayKHBIM I1apaMeTPOM IS YTy HITIEHHS IIPOU3BOICTBEHHBIX Tokaszateneit M1 Xumus ruraka BKIFoUaeT
€ro XVMITYECKHIA COCTaB, TeMIIepaTypy TUKBUIYCa, TEKYUeCTh, BBIXOJ CYIbPHIA U T.JI., KOTOPOE UMEeT BaKHOE OTHOIICHHE K
GezaBapuiinoit u »dpextuBHOM padote MJIIL

HacTosmiiee uccnenopanue ObUI0 BBIIOIHEHO B KOMIIAHUH ¢ OTPAHHYEHHOM OTBETCTBEHHOCTRIO Thii0 Payis, . Jlxkamime iy p.
Omna nmeet ogay M/ ¢ paGotmm o6bemom 64 M* u tipor3BouT 120 TOHH KHUKOTO MeTalla B IeHb. B HacTosIeM nccieJoBaHnN
XUMHUS NUIAKOB OblIa U3yUeHa IS KOHTPOIS CePhl U KPEMHHUS B KUJKOM MeTaiie. OOpasifsl nriaka ObIM cOOpaHbl U
NPOaHATM3UPOBAHKI 110 conepkanmio AL O,, S8i0,, CaO, MgO u FeO. Takxe OblI IPOBENEH COOTBETCTBYIOIIMN aHAIN3 KUIKOTO
MeTalla ¥ pa3paboTaHa KOPPEsIMs MEXy CEpPOi B JKUJIKOM MeTaJlIe U JIPYTUMH [TapaMeTPaMU, YIIOMSHY THIMH BBIITIE.

YpoBeHb cephl U KPEMHUS B KU IKOM MeTtajute Obul HatleneH Ha 0.020 o 0.040 % u 0.095 o 1.80 % cootBercTBeHHO. J[1s1
JIOCTHZKEHUSI 3TOT0 ObUI IIPHHAT PSLL MEP TT0 OIITUMU3AIIMN IIporiecca. OIpe/ielieHbl HEKOTOPBIE KIIFOUEBBIE TApaMeTPhL, Kak HAIIPUMED,
TEMITEpaTy pa JIMKBH/Ty ¢a, BAIEHTHOC T, XMMHS IITaka 1 Al, O, B IITake, KOTOPOe KOHTPOIUPYET MIPOM3BO/ICTBO HUZKOTO COJIEPHKAHHS
Cepbl U KPEMHUS B >KUIKOM METaJLIEe JUI M3TOTOBICHHUS Yy IIIKOBOTO UYT'YHA BHICIIIETO KauecTBa.

WHumtickoe chIpbe, HallpUMED, KeIe3Hast PyJia ¢ BRICOKUM COJIEP:KaHUEM OKUCH allFOMHUHUS U YTOJIb C OTHOCHTEIBLHO BHICOKOM
30JIPHOCTBIO SIBILIIOTCS 3HAYUTENTLHBIMU ITPEISITCTBUSAMU B CHUKEHUH TIPOITOPITUH ITUIaKa. J[7is1 Toro 4ro0bl OrPaHUUHUThH KOHIICHTPAITHIO
OKHCH AITFOMUHUS B ITHIaKe HIbke 20%, IIporopiisl IuTaka Bo3pacTaeT Oraroiapsi HCIIOIb30BAHHUIO JIBYOKUCH KPEMHUSI U U3BECTKOBBIX
HMCTOYHUKOB. 1103TOMY yMEHBITIEHHE IPONIOPIMHU NMUTaKa MOITIO Obl OBITh OJHUM W3 CPEJCTB JUIL JOCTUXKEHUS Ooliee BBHICOKOM
TIPOYKTUBHOCTH JOMEHHOM meun. CHIDKEHIE 30TbI KOKCA SIBIISIETCS OTHUM 13 (GaKTOPOB TS yMEHBITICHUS TIPOTIOPITUY ITITaKa.

1Ipu BRICOKOM YPOBHE OKHCH aTIOMUAHUS U BSI3KOCTh U TEMIIEPATy pa JIUKBUIY ca ITIaKa UMEOT TeHJICHIIUIO K OTPHUIIaTEIIbHOMY
pocty. MoxkHO HaOIIONATh, 4TO MOJIep:KaHueM 0ollee BHICOKOM BaJICHTHOCTH IIIaKa U YPOBHS MgO MOKHO IIPOU3BOUTH ITLIAK
OnaroIpusITHON Bs3KoCcTH. OJTHAKO TeMIlepaTypa IMKBHIY ca BO3pacTaeT IIpH OoJiee BEICOKOM BAJIEHTHOCTH. JTO MOYKHO IIPEOJI0NIETh
noJJiepkaHueM 6oliee BEICOKOI TeMItepaTy pbl KHUIKOI0 MeTallla U, CJIeJ0BaTelIbHO, TEMIIEPATy PhI ITUTAKa.

KitroueBble ci1oBa: onTuMu3alys, ManoradapuTHas! IOMEHHASI I1eHb, XMMUS ITUIAKA, [TOKa3aTeNH IPOU3BO/ICTBEHHOTO IIPOIEcca.

Tayo Rolls Limited, Scientific Services Department, Jamshedpur, India;
** Department of Metallurgical & Materials Engineering
NIT Jamshedpur, India Has acted 31.03.11
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