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Abstract

Raw materials in steel industry decide on the productivity, quality and price competitiveness. Utilizing iron-containing by-
products as raw materials for steel products can save the cost of cleaning up iron-containing by-products and solve environmental
issues. Iron-containing by-products have a small particle size. If they are directly inserted in a steel making process, it cause a
problem such as poor heat flow and scattering. To solve these problems and induce the additional reduction, study concern with
iron ore-coal mixed briquette technique are conducted by many researchers. In this paper, method of making carbon composite
briquette iron(CCBI) using iron-containing by-products was studied. The effect of composition of Fe-containing process wastes,
reducing agent, flux and binder on formability of CCBI (carbon composite briquette iron) was measured.
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Steelmaking OG sludge =

Steelmaking OG sludge 1+

—» ® BF raw materials EP dust
® BF casthouse dust

® EAF B-F dust
® EAF sludge

— —» @ Steelmaking OG sludge 1

® Steelmaking OG sludge 3

— = ® Steelmaking OG sludge 2

Acronyms

BF : Blast furnace
B-F: Baghouse-furnace

EAF : Electric arc furnace

LMF : Ladle metallurgical firnace
CC : Continuous casting

— — ©® Hotmill sludge
® Scale

Fig. 1. Flow of typical steelmaking process and the various Fe-containing process wastes utilized within the present study.
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Fig. 2. Digtal image of the milling machine.

Fig. 3. Digital image of the twin roll briquetting machine
and the resulting 24 mm-43 mm-43 mm briquette.
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Table 1. Specification of in-house raw materials feeding and briquetting machine

T 8 W &
7+4:7) 150 Hp x50 : 1
Spec’ 0~ 1800 rpm
Roll [Inverter (0~60Hz =% Type)]
Speed
A9 900 rpm (35 Hz)
e Max 140 kg/em? (SHp 4 =H )
A
Hydraulic bkl ¢ 180 mm x 2
pressure
s g Max 71 & (2¥x4d 50 &)
Type Gravity + &3 Screw
747 SHp x 60:1
. Spec’ 0~1500 rpm
Feeding [Inverter (0~60Hz =% Type)]
AYgzA 6 rpm (15 Hz)

%

Fig. 4. Formability evaluation of CCBI through visual
inspection. Formability is divided into four categories
with the highest formability having an index of 4 with
non-formability corresponding to an index of 1.
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Table 2. Composition of Fe-containing process waste

2 » e (W) 9 e
Total Fe | Metal Fe C S o (Dx50,1um)
T292 Ep UiE 46.21 0.61 524 0.098 261 50.4
Dustt I1Z2FA BF HEE 41.00 0.77 30.43 0.650 9.84 53.0
A712 B-F g 2E 37.25 1.02 2.34 0.950 0.22 9.6
A7 0G €3 A 51.20 9.73 4.19 0.060 15.40 252
Sludge Jpp—— 69.51 0.41 3.04 0.089 17.96 4638
A7 2&EHA 20~22 - 1.90 1.900 45.70 -
Scale AL 72.56 0.18 0.04 0.003 3.48 > 500

Table 3. Composition of reducing agent for the carbon composite briquette iron

- = 714 WA ZF (kealkg) 3 E W)
FC FM M VM Ash
CDQ dust Coke 6,767 72.5 25.1 1.04 1.53 13.86
Anthracite coal Coal 6,010 77.2 7.5 4.86 5.81 10.44

Legend) FC: Fixed Carbon, FM: Free Moisture, IM: Inherence Moisture, VM: Volatile Material

Table 4. Chemical composition of the major constituents in the binder (a) molasses and (b) water glass

Item s g5 EH3h= FNE = ] ol
(a) Molasses
% 48~52 9~10 2~4 8~12 22~23 @230 /kg
Item Na,O SiO, 7€} = H] 3
(b) Water glass
% 14~15 34~36 <1 48~51 KS M 1415@1609 kg

Fig. 5. SEM image of Fe-containing process wastes. (a) EAF B-F dust, (b) blast furnace raw materials EP dust, (c) blast furnace
casthouse dust (d) steelmaking OG sludge, (e) hot sludge, and (f) scale. Courtesy of POSCO.
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Table S. Effect of raw material composition, reducing agent and binder material on the formability of CCBI for some samples

= Raw Mix ZA| (wt%) CCBI #7}

. AR A A Binder wag | HE
T | 2AY|g2E|EYA| OG | EP | BF | 949 | CDQ |FdAw| 243 (24| 22 (kef)
21 81.0 9.0 3.0 1.0 6.0 E7} N/D
22 81.0 9.0 3.0 6.0 1.0 £} N/D
24 76.0 8.0 4.0 9.0 3.0 . 20
23 79.0 8.0 3.0 4.0 6.0 3 N/D
25 76.0 8.0 4.0 7.0 5.0 ks 54
31 80.0 8.0 32 6.4 24 27} N/D
32 83.0 83 2.5 1.6 4.6 ks 73
33 82.6 8.3 2.5 6.6 - B 54
34 81.0 8.0 3.0 8.0 - ks 82
41 70.0 17.5 23 7.5 2.7 3 88
42 45.0 45.0 1.0 6.0 3.0 Pg-% 124
43 45.0 40.0 4.5 1.0 8.0 1.5 s 129
34 81.0 8.0 3.0 8.0 D% 82
51 26.5 | 44.0 17.5 - 9.0 3.0 3 65
52 14.0 | 32.0 45.0 - 6.0 3.0 HE N/D
53 49.5 40.0 4.5 - 4.5 1.5 B N/D
54 87.0 4.0 - 7.0 2.0 27} N/D
61 18.0 54.0 18.0 - 8.0 2.0 3 21

62 14.0 33.0 47.0 - 4.0 2.0 HE 21

63 47.0 423 4.7 - 5.0 1.0 HE 10
64 88.0 5.0 - 5.5 2.0 D% 29
71 27.0 45.0 18.0 - 7.0 3.0 D3R 19
72 14.0 33.0 47.0 - 4.0 2.0 HE 30
73 52.0 375 4.5 - 5.0 1.0 HE 9

74 87.5 5.0 - 5.0 2.5 HE 29
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Fig. 6. Size distribution of Fe-containing process wastes used
in the present study.
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Table 6. Durability and compression strength of CCBI and post processing CCBI

Raw Mix (Wt%) Durability 7} (=; kef)
7 2z "ol Ant A& Sxa] A& H] &
T - s 74 JSal= ] A2 Al [
243 | Ef8 | 99 | Green 7D Green 7D
ZAY - EP
17 40 1.0 6.0 7 89 95 110
81.0 - 8.0
2 - CDQ
25 19 40 7.0 5.0 54 74 70 109
76.0 - 8.0
BT ST
32 1< - 25 16 | 46 73 84 85 120
83.0 - 83
P - 2ol
34 19 - 3.0 8.0 - 82 100 101 137
81.0 . 8.0
AL - BF
41 23 75 2.7 88 99 110 125
70.0 - 17.5
A - g4
) 1.0 6.0 3.0 124 147 148 180
450 - 45.0
A EP T
43 19 - 1.0 8.0 1.5 129 144 144 175
450 40.0 45
HAE | 279 BF
51 - 9.0 3.0 65 77 81 95
44.0 26.5 17.5
zax | 279 BF
61 =eiA ] - 80 | 20 21 12 35 4
54.0 18.0 18.0
23 % 272 g9
62 ==A 19 b - 4.0 2.0 21 26 30 40
33.0 14.0 47.0
28X EP oo
0 = - y 50 | 1.0 10 10 17 35
47.0 423 47
Zejx ST
o0 [ = - - 50 | 20 29 32 41 50
88.0 - 5.0
0G A BF
71 - 7.0 3.0 29 32 40 47
45.0 27.0 18.0
0G A2 | Q9
7 19 = - 40 | 20 41 40 53 52
33.0 14.0 47.0
0G EP zojg
73 - 5.0 1.0 10 12 14 29
52.0 375 45
0G B
74 - 5.0 25 41 41 46 59
87.5 - 5.0
F) 1. 7L Lot HEo|t}
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Fig. 7. Effect of 7 day curing of CCBI on the compression
test and the effect of post-processing with glass-
water on green briquette.
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