Appendix 5A

TG data for pyrolysis of coal
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Time | Temp. | Temp. | Coal from Bhilai Steel Plant Coal from Jharia Mines
(min) (OC) (K) Wt. Wt. Cumul. Wt. Wt Cumul.
remaini loss Wit. loss | remain- loss | Wt loss
-ng(ug) | (ug) (ug) | ing(pg) | (ug) (ug)
Zero 20.0 293.0 | 7753.0 Zero ZEero 8231.0 Zero Zero
1.23 26.9 2999 | 77479 5.1 5.1 8228.4 2.6 2.6
4.78 56.0 329.0 | 7696.4 51.5 56.6 8201.6 26.8 294
6.87 80.5 353.5 | 7668.1 28.3 84.9 8186.9 14.7 44.1
8.79 | 1052 | 378.2 | 7654.7 13.4 98.3 8179.9 7.0 51.1
10.62 | 129.8 | 402.8 | 7647.5 7.2 105.5 8176.1 3.8 54.9
1240 | 1544 | 4274 | 7642.5 5.0 110.5 8173.5 2.6 57.5
14.13 | 179.0 | 452.0 | 7638.0 4.5 115.0 8171.2 2.3 59.8
1598 | 2058 | 478.8 | 7631.9 6.1 121.1 8168.0 32 63.0
17.67 | 230.8 | 5034 | 7624.5 7.4 128.5 8164.2 3.8 66.8
19.34 | 255.1 | 528.1 | 7615.0 9.5 138.0 8159.3 4.9 71.7
21.02 | 279.7 | 552.7 | 7602.8 12.2 150.2 8152.9 6.4 78.1
22.09 | 2954 | 568.4 | 7593.5 9.3 159.5 8148.0 4.9 83.0
23.76 | 319.9 | 5929 | 7576.9 16.6 176.1 81394 8.6 91.6
2545 | 3446 | 617.6 | 75543 22.6 198.7 8127.7 11.7 103.3
27.13 | 369.2 | 642.2 | 75225 31.8 230.5 8§111.2 16.5 119.8
2898 | 396.0 | 669.0 | 7468.7 53.8 284.3 8083.2 28.0 147.8
30.66 | 420.6 | 693.6 | 7376.5 92.2 376.5 8035.3 47.9 195.7
3237 | 4452 | 7182 | 7194.0 | 1825 559.0 7940.5 94.8 290.5
34.10 | 4699 | 742.6 | 6907.5 | 286.5 845.5 7791.6 | 148.9 439.4
35.84 | 4944 | 7674 | 6613.7 | 2938 1139.3 7638.9 | 152.7 592.1
37.62 | 519.0 | 792.0 | 63948 | 2189 1358.2 7525.1 113.8 705.9
30.56 | 5459 | 818.9 | 62416 | 153.2 1511.4 7445.5 79.6 785.5
41.36 | 570.5 | 843.5 | 61429 98.7 1610.1 7394.2 51.3 836.8
43.16 | 595.1 | 868.1 | 60618 81.1 1691.2 7352.1 42.1 878.9
4495 | 619.7 | 892.7 | 5991.2 70.6 1761.8 73154 36.7 915.6
46.79 | 6444 | 9174 | 5925.7 65.5 1827.3 7281 .4 34.0 949.6
48.76 | 671.1 | 944.1 | 5861.3 64.4 1891.7 72479 335 983.1
50.57 | 695.8 | 968.8 | 5806.3 55.0 1946.7 7219.3 28.6 1011.7
52.39 1 7204 | 993.4 | 5756.9 494 1996.1 71937 25.6 1037.3
54.20 | 745.0 | 1018.0 | 5712.8 441 2040.2 7170.8 229 1060.2
56.01 | 769.6 | 1042.6 | 5673.6 39.2 2079.4 7150.4 20.4 1080.6
57.87 | 794.3 | 1067.3 | 5638.6 35.0 21144 7132.2 18.2 1098.8
59.87 | 821.0 | 1094.0 | 5608.9 29.7 2144.1 7116.8 15.4 1114.2
62.03 | 842.6 | 1115.6 | 5588.7 20.2 2164.3 7106.6 10.2 1124.4
63.53 | 870.3 | 1143.3 | 5564.7 24.0 2188.3
65.28 | 895.6 | 1168.6 | 5546.4 18.3 2206.6
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Appendix 5B

Calculation for fraction of volatiles released (f;,) from composite pellet .

The fraction of volatile released for ACP1 composite pellet is calculated as follows:

Source of coal used: Jharia mines

Volatile matter (VM) in coal = 15.65 %, Moisture in coal =035 % ....(From Table 4.5)

For TG analysis of coal:

Amount of coal m@ple taken for TG analysis - 8231 ug

Total amount of VM present in coal (VMcea) = 8231 x (15.65/100) = 1288.‘15 ug

Amount of moisture pxiesent incoal - = 8231 x (0.35/100) = 28.80 ng

Amount of sample {co}nposite pellet powder) taken for TG analysis = 8813 ng

Percent of coal preseﬁf in composite pellet (C;)=32.49% ........ (From Table 4.8)

Amount of VM present in composite pellet (VM) = 8813 x (32.49/100) x (15.65/100)
=448.11 pg

Factor of proportionality (fp) is calculated as:

_ Amount of VM present in composite pellet sample
Amount of VM present in coal sample used for pyrolysis

Ir

= (448.11 / 1288.15) = 0.3479

Now, from the Table given in Appendix 5A and the above data the values for fraction of

volatiles released from composite pellét during TG analysis at a particular temperature

1

are calculated and is shown in Table below.

Temp. (K) Cumulative VM released from | VM released from | Fraction of VM
weight loss of coal (ug), comp. pellet (ug), | released from
coal:during TG | B =(A - moisture) C=Bxfp comp. pellet,

(ug), A Jo=(C/ VM)

300.9 :2.60 Nil Nil Nil
429.6 57.70 28.90 10.05 0.0224
601.5 95.63 66.83 23.25 0.052
811.0 762.12 733.32 255.12 0.569
1052.6 1087.97 1059.17 368.49 0.822
1232.4 1288.15 1288.15 448.11 ‘1.0

(Full VM)
13613 1288.15 1288.15 448.11 1.0

(Full VM)
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Appendix 5C

Calculation for degree of reduction
The degree of reduction for composite pellet ACP-1 is calculated as follows:
According to Eq. (3.81):

o= 400)( [f;vl - (-f;:oat' X vm Xf;r)}
7 (Sore X Pore X £5)

Here, f,;= 0.2985, fopar= 0.3249, for, = 0.1565, f,, = 1.0, fore= 0.5870, pore= 0.956,
and f,= 0.30. The sources of these data are Tables 4.3, 4.5, 4.8, 5.3 and 5.4.

7 0.5870x0.956x 0.30
_ fx (0.2985-—0,0508
7

el (0.2985-(0.3249x0.1565xI))x 100

x100 = 84.06 %
0.1684
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Appendix 5D

Calculation for degree of reduction of composite pellet

The degree of reduction for composite pellet ACP-1 is calculated as follows:

For ACP1 pellet: m = 8813 pg, foour = 0.3249, fom = 0.1565, for.=0.5870, pore= 0.956,
and f,= 0.30. The sources of these data are Tables 4.3, 4.5, 4.8, 5.3 and 5.4.
According to Eq. (3.76):

4 [Am, —(mx f,)]x100
Tm

(4

o =

At temperature 811 K, Amt=707.6 ug
o = ix [%M] x100

7 m,
_4 1707.6—(8813x0.3249x 0.1565) <100
7 8813x0.5870x0.956x 0.30
_4 | 707.6-448.11

7 1483.68

J x100 = 9.99%

According to Eq. (3.81):

g2 200 [f = (Jroa % fom Xﬁ,,)}
7 (f;rexpnrexf;)

At temperature 811 K, f,;= 0.0803 and f£,, = 0.569
o= 4 y ( 0.0803—-(0.3249x 0.1565x 0.569)

JXIOO

7 0.5870x 0,956 0.30
_ 4, [00803-00289) |
77 0les4

Similar calculation can be done for ACP1 pellet at temperatures of 1052.6, 1232.4 and
1361.3 K. Similarly, according to Egs. (3.76) and (3.81), the degree of reduction can be
calculated at above temperatures for BCP1 pellets.
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Activation energies for composite pellets reduction

TC) | T® | UTx 10* | Rate of Reduction | In(k) Activation Energy
K" (kx 10% (s (kJ/mol)
ACP-1 Pellet
279 [.300.9 33.2 2.82 -10.48
156.7 | 429.6 23.3 426 -10.06
3285 | 601.5 | . -16.6 4.53 -10.00 2.31
538.0 | 811.0 12.3 5.04 9.90
779.6 | 1052.6 9.50 6.74 9.61
9594 [ 12324 8.11 8.50 -9.37 14.44
1088.3 | 1361.3 7.35 11.90 -9.04
ACP-2 Pellet
27.9 300.6 332 2.97 -10.42
156.8 | 429.8 233 2.93 -10.34
358.1 | 631.1 15.9 3.60 -10.31 0.86
575.5 | 8485 11.8 334 -10.23
736.6 | 1009.6 9.90 6.46 -9.65
954.0 | 1227.0 8.15 8.75 =9.34 21.53
1085.6 | 1358.6 7.36 11.37 -9.08
ACP-3 Pellet
28.6 301.6 332 0.43 -12.36
140.6 | 413.6 242 1.16 -11.36
3312 | 604.2 16.6 2.61 -10.55
4386 | 711.6 14.1 3.31 -10.32 8.82
586.3 | 859.3 11.6 3.25 -10.23
699.0 | 972.0 10.3 4.85 9.93
927.0 | 1200.0 8.33 6.99 -9.57
1031.9 | 1304.9 7.66 9.73 924 22.06
1085.6 | 1358.6 7.36 10.63 9.15 '
ACP-4 Pellet
27.9 300.9 332 0.98 -11.53
140.6 | 4136 242 1.63 -11.02
299.0 | 572.0 175 2.81 -10.48
3419 | 6149 163 2.79 -10.39 5.59
4270 | 700.0 143 3.41 -10.29
589.0 | 862.0 11.6 3.82 -10.17
7285 | 1001.5 10.0 4.70 -9.97
938.5 | 1211.5 8.26 6.16 -9.69
1034.6 | 1307.6 7.65 8.41 938 21.42
1085.6 | 1358.6 7.36 9.19 929
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BCP-1 Pellet

27.1 300.1 333 1.31 -11.24
1649 | 4379 22.8 2.86 -10.46
3495 | 6225 16.1 3.42 -10.23 4.55
561.1 834.1 12.0 3.60 -10.21
7727 | 1045.7 9.56 4.82 -9.94
964.7 | 1237.7 8.08 8.00 -9.43 35.36
1087.6 | 1360.6 7.35 12.30 -9.00

BCP-2 Pellet

27.9 300.9 332 1.00 -11.51

162.1 | 435.1 23.0 237 -10.65

317.8 | 590.8 16.9 2.94 -10.43 4.98
548.7 | 8217 122 4.05 -10.11
763.5 | 1036.5 9.65 4.10 -10.10

954.0 | 1227.0 8.15 7.58 -9.49 38.32
1088.3 | 1361.3 7.35 11.83 -9.04

. BCP-3 Pellet

27.9 300.9 332 2.54 -10.58

1702 | 4432 2.6 2.66 -10.53 1.15
358.1 631.1 15.8 3.23 -10.34
5272 | 8002 12.5 5.98 -9.93
723.2 996.2 10.0 4.87 -9.73 12.37
948.7 | 1221.7 8.20 7.76 -9.46

1, 1085.6 | 1358.6 7.40 11.31 -9.09
BCP-4 Peliet

27.9 300.9 332 0.92 -11.60

1702 | 456.6 219 2.36 -10.65

358.1 609.6 16.4 3.36 -10.33 5.22
5272 | 8029 12.5 3.25 -10.30
7232 | 1004.2 9.96 4.84 -9.94
948.7 | 1221.7 8.19 7.50 -9.50 18.69
1085.6 | 1358.6 7.34 10.70 -9.14
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Appendix 6A:

Calculation for degree of reduction

The degree of reduction for composite pellet ACP-1 is calculated as follows:
According to Eq. (3.81):

g2 200 [f ~ i % fom ¥ m}
7 (fx;re xpore Xf;;)

For composite pellet immersed in liquid metal bath for 10 seconds fi; = 0.088, foouw =

0.3249, fom = 0.1565, £, = 1.0, fore = 0.5870, pore = 0.956, and f, = 0.30. The sources of
these data are Table 4.3, 4.5, 4.8 and 6.1.

4 (0.088 —(0.3249% 0.1565% 1)
a=-—X : x 100
7 0.5870% 0.956x 0.30
_4, [0.088~0.0508
7

x100 = 12.62 %
0.1684
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Appendix 6B
Volatile matters in composite pellets
The amount of volatile matters present in composite pellet was calculated as follows:
Amount of volatile matters (VM) in composite pellet = W; X feoat X fum
Where, W; = Initial weight of pellet, fe.a = fraction of coal present in composite
pellet, and f,, = fraction of volatile matters present in coal

Pellet | Feu/Cx | Time of | Initial Wt. | Final Wt. | Differencein { Amount of
Code Ratio | Immers- | of Pellet, | of Pellet, Weight, VM in pellet
ion (s) Wi (g) Wr(g) W: (g) (g
10 5.4912 5.0080 0.4832 0.2792
20 5.6786 47730 | 0.9056 0.2887
ACP-11 250 30 5.6766 | 4.2929 13837 0.2886
40 6.2677 43378 2.9299 0.3187
10 8.0324 7.3773 0.6551 0.3506
20 9.1013 7.7120 1.3893 0.3973
ACP-2 ) 3.1 30 8.3539 6.3670 1.9864 0.3646
40 6.9078 4.7966 2.1112 0.3015
10 6.7635 6.2366 0.5269 0.2708
20 6.3240 5.3661 0.9579 0.2532
ACP-3 1 3.50 30 6.1091 4.7242 1.3849 0.2446
40 6.7826 4.8229 1.9597 0.2715
10 5.8016 5.3705 0.4311 0.2099
20 7.0851 6.1862 0.8989 0.2563
ACP-4 1 4.00 30 5.8723 4.6607 1.2116 0.2125
40 5.6480 4.1454 1.5026 0.2044
10 4.6463 4.0630 0.5833 0.3637
20 5.5113 4.3981 1.1132 0.4314
BCP-1| 2.50 30 6.5288 4.6235 1.9035 0.5110
40 6.6292 42233 2.4059 0.5189
50 6.3437 3.9207 2.4230 0.4965
10 5.9002 5.2100 0.6902 0.3936
20 6.0034 4.8416 1.1618 0.4005
BCP-2 | 3.11 30 6.9066 5.0198 1.8868 0.4608
40 6.2336 4.0505 2.1831 0.4159
10 6.1449 5.4863 0.6586 03746
20 6.0653 4.9742 1.0911 0.3698
BCP-3 3.50 30 5.7407 42272 1.5135 0.3500
40 5.7971 3.8948 1.9023 0.3534
50 5.7867 3.7844 2.0023 0.3528
10 7.0719 6.4134 0.6659 03882
20 7.2245 6.0167 1.2078 0.3960
BCP-4 | 4.00 30 6.5681 4.9952 1.5729 0.3605
40 6.1359 42276 1.9083 0.3368
50 6.1448 4.0931 2.0517 0.3373




Appendix 6C

Calculation for iron yield

For Heat H1 (ACP1 pellet, Fe,,/Cyi ratio = 2.50):
Weight of cast iron scrap charged, W, =3000 g .
Weight of composite (ACP1) pellet charged, W, = 1000 g
Weight of initial sample collected for analysis = 178 g
Weight of cast metal = 3124 g
Weight of hot metal produced, W3 = (3124 +178)g=3302g
Fe input: )
Percent Fe content in initial sample, I; = (100 — 3.154) % = 96.846 %
Fe that comes from cast iron scrap charged =W;x I;
= 3000 x (96.846/100) = 2905.38 g
Fe that comes from composite pellet charged = Wy x F; x Fjg
= 1000 x (58.70/100) x (66.90/100)
=392.70g
Total Fe in input = (2905.38 + 392.70) g=3298.08 g
Fe output:
Percent Fe content in product metal, I, = ( 100 —-3.173) % = 96.827 %
Total Fe in product metal = W3 x I
=3302 x (96.827/100) =3197.23 g
Fe recovery:
Percent Fe recovery = (Fe output/ Fe input) x 100
=(3197.23/3298.08) x 100 = 96.94 %
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Appendix 6D

Mass balance for smelting of composite pellets in an induction furnace

For Heat H1 (ACP1 pellet, Fe;,/Cpi, ratio = 2.50):

Tron ore analysis (source: Noamundi mines, Tata Steel, Jamshedpur, Jharkhand)
Fe =66.90 % (= 95.57 % Fe,03), S10, = 1.09 %, ALO; =141 %,
P05 =0.16 %, Other oxides = 1.77 % (balance)

Proximate analysis of coal (source: Jharia mines, Dhanbad, Jharkhand)
Fixed carbon =48.35 %, Ash =35.65 %
Volatile matter = 15.65 %, Moisture = 0.35 %

Coal ash analysis

Si0; =55.18%, MgO =015%
Al;_Og =24.57 %, SO3 = 218 %
Fe, 03 =17.19 %, Ca0 =0.73 %,

Lime analysis
Ca0 = 99.85 %, Zr0,; = 0.01 %, SrO=0.14 %
Assumptions:

i)  Removal of sulphur is in the form of CaS only
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ii) 90 pct of carbon consumed forms CO gas and remaining 10 pct forms CO, gas

iif) No other elements (including iron) are oxidized during melting of cast iron scrap

Chemical composition:

Chemical composition {pct)

product metal

Heat No. C Mn Cr N1 Si Mo S P Cu

H1(initial) 1.79 1 0.09 | 021 | 0.19 | 0.27 | 0.04 | 0.114 | 0.27 | 0.18
cast iron scrap

HI1 (final) 1951003 ] 019 019 | 020 | 0.04 | 0.113 | 030 | 0.16

Weight of cast iron scrap charged, W, = 3000 g
Weight of composite (ACP1) pellet chérged, W,=1000¢g
Weight of hot metal produced, W; = 3302 g

Mass balance calculation is done according to the equations developed in Section 3.3.



Composite pellet composition (for Fey/Cgy ratio = 2.5)
According to Eq. (3.54):

w WoxFo _1000x669 _ ooy 0
rxF, 25x4835

The proportion of constituents in composite pellets is:

W, (weight of iron ore) =1000g (58.70 %)
Weoal (weight of coal) =55346¢g (3249 %)
Weight of lime @10 % of ironore =100g (5.87 %)
Weight of dextrose @ 5% of iron ore= 50 g (2.94 %)

Total weight:_1703.46 g 100 %

Therefore, composition of composite pellet:
iron ore = 58.70 %, coal = 32.49 %, slaked lime = 5.87 %, dextrose = 2.94 %
Fe balance
Fe input:
Percent Fe content in initial sample, I; = (100 - 3.154) % = 96.846 %
Fe that comes from cast iron scrap charged =W;x [
=3000 x (96.846/100) =2905.38 g
Fe that comes from composite pellet charged = W, x Fy x Fyg
= 1000 x (58.70/100) x (66.90/100)
=39270¢g
Total Fe in input = (2905.38 + 392.70) g = 3298.08 ¢
Fe output:
Percent Fe content in product metal, I = (100 - 3.173) % = 96.827 %
Total Fe in product metal = W3 x I, )
= 3302 x (96.827/100) = 3197.23 g
Hence, Fe loss in slag w.r.t. total Fe input (W,):
W, = Total Fe in input — Total Fe in output
=(3298.08 - 3197.23) g = 100.85 g
Percent Fe loss in slag = (Fe loss in slag / Total Fe in input) x 100
=(100.85/3298.08) x 100 =3.06 %
Weight of FeO goes to slag (Ws):
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Ws=(72/56)xWs From Eq. (3.8)
=(72/56) x 100.85=129.66 g

SiO; balance

60 W, C, x4 x4,
= W, x I,)—(W, %1 ExF+I, +——1—*——)....meE.3.12
f 28x102[( x 1) = (W x 1))+ 0[ x x L, 100 q.(3.12)
286? -[(3000x 0.27) - (3302>< 0.20)]+
1000

((58 70x1.09) + (5.87 x 0) + (32.49%x35.65x 55.18))

100
=17.36- 14.15+6.40+63.9l =7352 g

MnO balance

7
7 55%100

4
(31, =Wy x )+ , (FxF W—T‘Z‘Oii) ........ FromEq.(3.16)

_n 1000((58 70%0) + 32.49><35.65x0.15]
55%100 100
=3.49-1.28+0.17=238 g
P,0Osbalance
e 32 gyt —wxiy+ e xE s SXAX A FromEq.(3.20)
62x100 10* 100
142 1000[(587 s 16)+32.49x35.65x0
62x100 100
=18.55-22.69+1.37=-277 g
MgO balance
W, C x4 x
W, =—1-(-)—2;x( -——’———1——(—)1(—)—————4-1—% L st) ............ From Eq.(3.28)
=10(10X( 32.49%35.65%00 (oo 00)_ 00 g
10 100
Carbon balance
1 {(W,xC, xE)
= T@{WHM xI,)— (W, xfm)j .......... From Eq. (3.30)

((1000x 32.49% 48.35)
~ 100

+(3000x1.79) - (3302x1.95
100 (3000x1.79) - (3302 ))

= —1-66(15709 +5370— 6439)=l46.40 g
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Now, amount of CO gas formed after reduction of iron oxide present in composite pellets

W, :%; xW.x09 .. From Eq.(3.31)

:%x14640x090 307.44 g

and amount of CO, gas formed

W, = % xW.x010 L From Eq.(3.33)
=ﬁx14640><010 =53.68 g
12
Sulphur balance
W,,,*—'———I—-z—(W,xI“ Wx112)+ o 2 (Cox A% A) i ..From Eq. (3.39)
(3000><0 114-3302x0.113)+ 1000(32'49"2(5)'65"32 )

= 3.42—3.730.0+1.01 =070 g

Now, amount of CaS formed due to reaction of sulphur with CaO (W;s):

72
32

=2 070158 ¢
32

W=—xW, -~ . From Eq. (3.40)

Amount of CaO converted into CaS (We):

56

W, =—’-7-2—xW15 ............ From Egq. (3.4])

=36 is8=123¢
72

CaO balance

W, C x4 '
, :T}((L, xL3)+-(-iii-O’6’i~A5—))— Wy oo From Eq.(3.24)

_ 1000 (32.49x 35.65% 0.73)

[ (5.87%99.85) +—— 10'0 J -(1 ‘.23)

=58.61+0.85-1.23 =5823 g
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Al O; balance
A x4
, =.1V.V(.)§.(1:; xF, +§—‘3-‘-1-0—’0x—6+1,, x L4) ........... From Eq.(3.26)
1000[ (58.70x1.41) + (32.49x 315(.)25x 24.57) (5.87x 0))

=8.28+28.46=36.74 g

Oxygen balance
Weight of oxygen required for oxidation of iron going into slag (O;):
16 16

0, 275 X Wy = 72x129 .66=28.81 g " eereeene FromEq.(3.10)
Weight of oxygen required for oxidation of silicon (0,):
] =§§i%0_2 Fx L= Wyx1) e From Eq.(3.14)
“28321 5 (3000x0.27 - 3302x0.20) = 1.71 g
Weight of oxygen required for oxidation of manganese (Os):
= 5516102 < xI, =W, x1) o From Eq.(3.18)
16

o1 < (3000 0.09 - 3302x0.03) = 0.50 g
X

Weight of oxygen required for oxidation of phosphorous (O4):
80
62x10°

80
 62x10?

————x (W, x 1, — W, x L) e From Eq.(3.22)

4

x(3000x0.27-3302x0.30) = -2.33 g

Weight of oxygen required for CO gas formation (Os):

O = %gx w.x090 FromEg. (3.32)

=%x146 4% 0.90 =175.68 g



Weight of oxygen required for CO, gas formation (Og):

O, = % x W,.x 0.10 corsrennerFrOM Eq. (3.34)

=%§ x 146.4 x 0.10 =39.04 g

Oxygen coming from iron ore present in composite pellets (O7):

_ (W} o FromEq. (3.36)

=

100x100 160
_ 1000x58.70x95‘57)x 16830 g
100x 100 160

Weight of oxygen required for oxidation of chromium (Oy):
2Cr + 3/2 Oy = CryO4
(104) (48) (152

48 X(W;XIB _stIMJ

*~ 104" 100 100
_ 48 (3000x021 _3302x0.19) _ 0.014 g
104 100 100

Weight of oxygen required for oxidation of copper (O10):
2Cu +% Oy = Cu,0
(127) (16) (143)

_,__lix(pyﬁ“rns _ W;"[m]

71277 100 100
_ 16 (3000x0.18 *3302x0.16) 0015 ¢
127 100 100

Hence, oxygen required from atmosphere:

0, =[{(0,+0,+0,+0, +0,+ 0, + 0, + 0} - 0,] ernennennFrom Eq.(3.37)
= [{28.81+1.71+0.50 + (-2.33) +175.68 + 39.04 + 0.014 + 0.015} - (168.30)]
= 245.769-170.63=75.139 g
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Amount of other oxides except Si0,, MnO, FeO, Al,O; and P,Os coming from iron ore

present in composite pellets (W;):

W, x F, x I
W, =|2—21_Lr From Eq.{3.42
7 (100x100) 4.(342)

_(1000x 58.70x1.77
100x 100

)= 1039 g

Amount of FeO (W 3) that goes to slag due to the presence of Fe,O; in coal-ash:
Fe;O3+Fe=3FeO L From Egq. (3j)
(160) (56) (216)
216 (W, xC x4, x4,
s = Isox( 100x 100 100 )

_ 216 N 1000x 32.49x35.65%17.19
160 100x100x100

............ From Egq. (3.43)

) =26.88 g

Amount of dextrose present in composite pellets (Wyo):
W,x F,
W, = (%6&) ........... From Eq.(3.44)

~ (1ooox 2.94

= 29.40
100 ) g

Volatile matters (VM) present in coal of composite pellets (Wag):
W, x C x F
Wy,=|*——~+~—-*-t . From Eq.(3.45
» ( 100100 ) rom £q.(3.45)

[ 1000 x 32.49x15.65
100x100

J =5085¢

Moisture present in coal of composite pellets (W2;):

W,xC,xF,
w, =2t xr From Eq.(3.46
g ( 100)(100} 4.(3.40)

1000x 32.49x0.35
= =114 ¢
100x100
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Amount of Cr,O3 that goes to slag (Wp3):
— _]__S_Z_X(I/VIXIB - I/V;X‘[M)

B 104 100 100
_ 152 (3000x021 3302x0.19) _ ., g
104 100 100

Amount of Cw,;O that goes to slag (Wag):
ﬁ% (WIIXI!S - WISXIIGJ

= X
® o127

100 100
143 (3000x0.18 3302x0.16
=—X - =014 g
127 100 100

Weight of slag produced (Wy):
Wap = (Ws+ Ws + Wy + Wg + Wo + Wi+ Wiy + Wis + Wigt Wigt Wase Woy)
wereneeenFrOm Eq.(3.47)

=(129.66 + 73.52 + 2.38+ (-2.77) + 58.23 + 36.74 + 0.0 +1.58 + 10.39 + 26.88
+0.044 +0.14)
=336.794 g
Based on the calculations done above, a suminary of the mass balance for smelting of

composite pellet in an induction furnace is given below.

Mass balance for smelting of composite pellet in an induction furnace -

Input Weight (g) Output Weight (g)
Cast iron scrap (W) 3000 Hot metal (W3) 3302
Composite pellets (W,) 1000 CO gas (W;7) and 307.44
CO2 gas (W)3) 53.68
Oxygen required from 75.14 Dextrose escaped as gases (Wio) 29.40
atmosphere (Og)
VM present in coal (W) 50.85
Moisture present in coal (Wy;) 1.14
Slag (W) 336.79
Total Input 4075.14 Total Output 4081.30




