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Scrapmelting Using a Shaft Type Furnace with Coke Packed Bed
Injected with Highly Oxygen Enriched Air and a Large Quantity of Pulverized Coal

Yasuo Kawmel, Tomio Mivazaxi and Hideyuki Y amaoka

Synopsis :

Scrapmelting test was performed using an experimental melting furnace with coke packed bed injected with highly oxygen
enriched air and a large quantity of pulverized coal and the following results were obtained.

1) Scrap (1009 of material) was able to be melted by using coke for blast furnace.

2) The pig iron whose quality is equal to that of the blast furnace can be produced with high carburization and high
desulfurization.

3) The fuel rate of 240 to 290 ke/t and productivity of 14.7t/d/m? were obtained.

4) The fuel rate can be decreased and productivity can be increased by post combustion with air injection from the shaft
wall.

Based on the above mentioned results, the comparison of energy consumption of scrap melting process such as this
process, electric furnace and basic oxygen furnace was made and a possibility was confirmed that the energy consumption
of this process was the least among them.

Therefore it is concluded that this process can be one of the attractive scrap melting methods when the scrap utilization

is required in large quantities.
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Fig. 1. Configuration of SC-type cupola.
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Fig. 2. Feature of SC-type cupola in comparison with conventional type cupola and blast furnace.
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Fig. 3. Configuration of test plant.

Table 1. Chemical analysis of raw materials.

Scrap (Wt %)
C Si Mn P S Cu Cr Sn
| 0.5010.0110.2010.016{0.01[0.01]0.01| 0.00I
2 0.63]0.23|0.8110.013/0.02]0.01]|0.1 1| 000l
3 0.25]02010.65|0.014|/0.01(0.01]0.75[0.002
4 0.450.22|0.70 [0.006|0.01 |0.15[0.06 |0.024
average 0.46|0.17(0590.012/0.01|0.05{0.23 [0.007
Fuel (dry base,wt %)
C H (e} N S | CaO | SiOz2|Al203 MgO|P20s
coke 86.710.10| — |[1.10]060106 | 79|2.7 |0.3 | O.I
coal 79.314.40|8.50(2.50|0.35/ 0.6 | 3.0|26 | 0.1 | O. |
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Fig. 4. Effective heat for melting scrap generated at the combustion of 1kg of coke or coal.
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Fig. 5. Effect of the pulverized coal injection on the
scrap melting.
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Fig. 6. Effect of the theoretical flame temperature on
the scrap melting.
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Table 2. Estimation of the effects of post combustion.

|. Heat necessary to produce hot metal

Scrap , 952 kg Metal ; 1000kg
. [T- 1450°C ]
Coke , 552kg | AC =4.5%,A8i=0.33%
: , . “} | Slag , 16.7kg
Lime stone , 8.6 kg [T= 1500°C
Serpentine , 171 kg Ca0/Si02 =1.25,A1203 = 10%

I 1427 MT

Sensible heat of pig , 12439 MJ.
Sensible heat of slag , 29.3 MJ
cC—-C ) 61.1 MJT
Si02+ 2C - Si +2CO 77.4 MJT
CaCO3z — Ca0 +CO2 15.5 MT

2. Effective heat produced by post combustion with
IOONmM3 of air (0z2=0.938 Kmol , Nz = 3.526 Kmol)

———— T —_—m s

3. Increase in productivity

kg-metal —

490.4M3/ oonm3air = 1427TMY, = 344 MO Ak

kS 1.51/h 1.88t/h
g2 3 1'5JT.|4'/“
T 0=
g | .OF
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3 2 300 244Kg/t
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2 & (50} 136Nm¥t
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(CD\J T 100F Tt =2500°C
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e
& 20 15.9%
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20 10135
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E 5 o 100 200
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Fig. 7. Effect of the air addition on the scrap melting.
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Fig. 8. Progression of operation.
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after air addition.
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Table 3. Chemical analysis of pig iron and slag. Table 4. Operational results.
—~——___Case No. | 2 3
Case— | Case-2 | Case-3 Items — .
02 Nm¥hi 112 198 165
Metal C 470 463 435 Blast Air Nm¥h 468 |76 144
j [ kg/h 18 I
si 0.29 0.31 0.2l Coa 9 © 8 55
: Volume |Nm¥h| 800 740 614
Bosh gas
Mn 0.50 0.60 0.56 Tf °C 2500 2700 2700
Post combustion air |Nm3/h o] 0 100
P 0032 0042 0.046
Scrap Y% 72.6 79.8 82.7
S 0.026 0016 0.038 Coke % 208 12,5 10.7
o 387 35 8 354 Burden Limestone Y% 4.2 42 3.6
St Ca . . .
o9 Serpentine| % 24 3.5 3.0
Si02 291 30.7 31.4 Total ka/t | 1315 1196 1155
Va0 58 215 oo broductivit t/h | 1.075 1.347 1.347
. . . roquctivi
9 Y 1/dm3 o7 4.7 a7
Al203 3.8 10.7 10.6 . Coke kg/1 275 150 125
Fuel Coal kg/t 0 140 115
s .52 .33 1.33
Total kq/t 275 290 240
Ca0/Si02| 1.33 7 13 Temp. °C 1508 1483 1480
- o C % 4.70 4.63 4.35
(5)/(8] 58.5 83. 1 35.0 Pig iron -
Si % 0.29 0.31 0.21
s % 0.026 0.016 0.038
OfEPHERL T3, [Pl R[S 3BmL Ty 25, B Ca0/Si02 | — .33 L 113
w sh i .. . = e Slag Mg O % 15.8 22.2 22.1
Ko P L SH»RITLIYDEELZONS, 712750, A5 2
+ . iaal 7 . ’ Volume | kg/t 90 94 79
F(SH)IR1%% EMl-> T2 s, WEHR S DRFI Volume INm¥tl 7286 560 506
A0V REINTC 5, Temp. | °C 275 18| 223
4.3 BAEHLE, SEMTR CERE DR Top gas | CO % 448 | 644 | 482
. e - = . H % o} 12.6 11
VL EOEBRER 2B L T Table 4 (27RT, Fgh, KR 2
CO2 +H20 Yo 6.5 2.8 10.6

HskBFRARD 2D, MESG»FTEZE L7257, Fig. 10 (2
SRE L 5T, BRELN, EREME L b T, EOLRERSI® Y o Scheduled
TP Ll 5 R N, ZORKEDO—D L LT ¢ Corrected

4 Resulted

12, Table 5 OBEFH 2 b T & 5 1, (FHMHECR T2 By T ew ~

Y b ED, 2T LAFET LA, HITREBRKETR, B \gg £ 700l \
BORCR: & L T ATEOBTRLEEL OO sIR KA O A1 670M]/ N sro0f
h#2ALL, Ly s, REEC B 2 PEBERE 6B S IF S / /
FESI IR AR 12 350 75 L 600MT/h TH b, f S Ry iy

R OVIE Lo T b FE LT, fkORERS 7 T T N
b RELTTRIEA ~ DHAE A 2 IRHE 2 TR T 5 HIOT iR O B

FRE P D B I, R RINEHIETH - 120 T

Ca L, AREIGEMFRMERETH Y, ZoREr L gfﬁ e u w2
12 D IFTE S AU B #1300~ 6000 18 ¢ LIk, 4 B L 200

DIBHEDE 72 b, PEBRHECRDET LI b O LI#ET 2 sp .
%5, . §§ S oo ot =

i, HF1C Case 1123 0 THRBHEDME S %> T B, 2 3. 5

Nz, WFIEA A ORRLE (OD) #7FR % KIg1 B> Tw © 588 ol 4 s
52 EwG, FNREIT CO,2 T DAL b — AT L7 588 o

MR, B 1 kg4 Y OREBEVTHRIVIFE LT 2 __ 1000}

rB TR EHL GNE, BBRE A LIS, 17 N oy o3
HAAD OD B#F s TFHE—HKL TV 5, i, t 2 * -4
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Cable 5. Heat balance of test results.

(MJ /1)
Items Case No. | 2 3
Coke 8064.7 | 4399. 3666.0
Input | Fuel Coal 0] 4482.3 | 3682.3
Total 8064.7 (8881.4 | 73483
Sensible heat | 1286.6 | 12719 | 1269.4
Output| Pig | C—~CO2 16535 | 1628.8 1530.1
Si - SiO2 68.2 72.8 49.4
Total 3008.3 [ 2973.5 2848.9
Sensible heat 158.6 162.8 136.0
Slag | CaCO3 -~ CaO 98.3 89.5 74.1
Total 256.9 252.3 210.1
Sensible heat 284.1 144.3 160.7
Gas | Latent heat 4107.0 | 525092 | 3685.7
Total 4391.1 5395.2 3846 .4
Heat loss 408.3 260.0 | ..442 .9
Heat loss (MJ/h) 438.9 350.2 596.6
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Table 4 T, ZXRIKSAA L VFEHLSZADOD X4 %
(Case 2) »* 615% (Case 3) ~¥MmL T %55 Table 5 i<
N LIC B EAE R & U, PC o & b P TEA R BODHI1565
MJ/t D BHBCERIR S R TREHNE RIS L R L LT,
#71533MJ/t DI AT A v X —, BREH L T50keg/t DT F v
F—EHHIINTe 5, HKMHE» S PCOMERYEET S L
1533/1565 % 100=98% & 7 b 100% 35 - B A ER 3L T
Wiz kit B,

ARERTIE, Z2XIK 5 :AAI1X100Nm?/h, B HEAT75Nm?/
tist E 2 oltd, REALABDEEET ILE & CIREHEE~
I THEDOTEE® Fig. 11 o ¥, AFREBRTIE, PC
PEBELZCEEDOIFIEAS 2D OD 5, KRS AADE
HIIHVRLBDT, ZNEFNDOD #N—2 L LTPCOD
ERERLI, 2BUKIALSA, FEHYRBED LS
PLIFEBRER OIS, EBIEOET T IHTEDH 2
», ZEJIRSAANMEDFEIED HFRIZ L b L waTRE &
RE LICHBA, ZER S AL BZHEMSE THFIESZAD OD
P50%FEEI T EIE A LICL Y, BEIE=150~160
kg/t BB LI B LD LEHEINS, ZOHMBEIX—IED X
2RI BT LBEILEREFED DT H 5, - T, #§W
AOEGi L 2 — 27 2B L TEFHO2— 27 A 2HHTS
52 LPHETNE, BEICRCIZED D 5 HEE L Bk
T& 5%,

5. FEEAREEDIRIVF—HELLR

A2 Ty PRIER L THSRZAEET 2 5FELE LTI, &K
BoMiz, BEXUFREF2HAT 2 FESB T ons, 2
2T, ITNLDHFHEIRIY AL AN —EBED R

BAPIR Z R S AL 2 HH L BB RREETR S BEFIZL 5 225 v &R

15

100
;
3
[
5
5
S,
88 &
g2
X
O o
-
R
.a —_—
E X
5 E |
s 2 I~
o~ i
o |
[
IE\ i ! |
Case_ |
® 250 \
e = i
S S 200t |
5 =2 _160kg/t |
180 = 50 — I
T50kg/t !
100 1 k.
(0] 100 200 300
Additional air (Nm%1)

Fig. 11. Effect of the air addition on the operational
indices calculated based on the operational
results.
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EAF

Converter

SC - Cupola
-Converter

Table 6. Heat balance of steel making systems from 100% steel scrap.

) SC cupola - Converter
EAF Converter
SC cupola Converter Total
Input | Coke - —~ | 209% 61234 | 103K | 3015] - - 103K9| 3015
Coal - - - - oske | 3029 | - - 95k | 3029
Electricity |477K%N 1714 | — - - - = - -
MT MJ| MT _ MT
Total. 1714 c 16134 6044 6044
LH LH 5|LH 5 |LH NmdlCH
Output | Off gas - — | 338" 3420 |417"™| 3032 | 48"™| 607 |465"™]| 3639
SH SH SH SH SH
- 964 132 171 303
LH LH kg |- s kM LH
Pig iron - - - - |B24 1132 |'824" %132 -
SH SH SH SH ISH
- - 1044 Y044
iSH SH SH SH N SH
Slag - - 57X 105 |65} 112 | - - 65 9| 112
" SH " SH SH xg Sk kg SH
Steel 1000"%| 1271 [i000 " | 1371 - - |ilooo™| 1371 |i000 *9] 1371
Heat loss 343 274 592 27 619
MJ| MJ MT MT
Total 1714 6134 6044 o) 6044

ra

Conversion loss energy

4882
Net energy consumption

RISHRVIR

4169

7
Gas credit

3387

(0]

L 1 | I
2000 4000 6000 8000 10000

Energy (MJ/t- steel)

(SH :Sensible heat LH: Latent heat)

Fig. 12. Energy consumption of steel making systems
from 10094 steel scrap.
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