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Melting Results of Direct Reduced Iron in Electric Arc. Furnace and

Properties of Hot Briquetted Iron

Dentaro KANEKO, Marcus O. DAVIES,OsamuTSUCHIYA
and Hironobu SAKO

Synopsis :

The direct reduction process is now playing an important role, not only as a supplemental ironmaking pro-
cedure in the natural gas or coal producing regions of the world, but also as a technology to provide new
iron source free of residual elements to iron and steelmakers, particularly those using electric arc furnace

technology.

Continuous charging and slag forming operation of directly reduced iron in electric arc furnace can de-
crease tap to tap time and refractory wear and lowers electrode consumption.

Recentry, new technical improvements of the hot briquetted iron has been completed which is hardly
reoxidized and pulverized during transportation and storage. ~

Commercial application of this research will permit further increase of market demand for the hot bri-

quetted iron.
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Fig. 1. Flowsheet of Midrex direct reduction
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Table 1. Typical characteristics of Midrex iron.

. Pellets/Lumps  Cold briquettes HBI

Chemical %) (%) %)
Fe total 91 — 93 86 — 88 91 — 93
Fe metallic 83 — 88 77 — 79 83 — 88
Metallization™ 92 — 95 89 — 91 92 — 95
C 1.0 — 2.5 1.8 — 2.8 1.0 — 1.5
SiOg 2.0 — 3.5 3.5—4.5 2.0 — 3.5
AlL,O3 0.5 — 1.5 0.6 — 1.6 0.5 — 1.5
Ca0 0.2 — 1.6 1.5 —2.5 0.2 — 1.6
MgO 0.3 — 1.1 0.3 — 0.8 0.3 —1.1
MnO 0.1 — 0.2 0.1 — 0.15 0.1 —0.2
NagO — 0.3 — 0.4 —
P 0.02 — 0.04 0.02 — 0.035 0.02 — 0.04
S 0.005 — 0.015 0.005 — 0.015 0.005 — 0.015
Ti 0 0.01 — 0.2 0.01 — 0.2 0.01 — 0.2
\4 0.01 — 0.2 0.01 — 0.2 0.01 — 0.2
Ni,Sn,Zn,Cr,Cu,Pb Traces Traces Traces
Physical
Bulk density (t/m®) 1.6 — 1.9 approx. 2.2 2.6 —2.7
Apparent d?;i:%y 3.5 approx. 4.0 5.5
Weight — approx. 80 g 0.5 —0.7kg
Nominal size (mm) 4 — 20 15X 3040 30X60X90

* Metallization is defined as the percentage of total iron in metallic
form.

Photo. 1. Three forms of DRI pellets, lump and
briquette.
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Table 2. Melt shops adjacent to Midrex direct reduction plants.

2119

- Raw steel DRI in EAF Transformer CCM .
Plant/Location capacity (tpy) charge (%) No. X Size () power (MVA) No. X Strands Product mix
Oregon Steel Mills 400 000 60—100* 1X 75 33 Pressure HR carbon heavy plates and
Portlad, OR, USA (now 0) 1X 90 40 Pouring Only  medium plates
Georgetown Steel Corp. 650 000 30— 50% 2X 75 30/36 2X4 Wire rod, Special quality bar
Georgetown, SC, USA . (now 25)
Neue Hamburger Stahlwerke 620 000 10— 40 1X100 75 1X6 Wire rod, Deformed bar
Hamburg, W, Germany
Sidbec-Dosco Inc. 1030 000 30— 60 2X100 55 2X6 Mild steel, HR & CR coil and
Contrecoeur, Quebec, Canada 2X140 90 1X1 sheet, Wire rod, Bar
Dalmine Siderca 450 000 70 2X 50 13.4 2X4 Seamless tube and pipe
Campana, Argentina 1X 75 25
1X 75 33

ACINDAR S.A. 940 000 62 3X100 45/65 2X6 Bars, Rebar, Skelp, Wire rod
Villla Constituction, Argentina
Qatar Steel Co. Ltd. (QASCO) 420 000 80— 90 2X 70 37/42 2X4 Plain and deformed rebar
Umm Said, Qatar
SIDOR 3600 000 60—100 6200 100 3X2 Plate, CR & HR coil/sheet,
Matanzas, Venezuela 4X150 100 3X6 Seamless tube & pipe, Tin

plate, Wire rod
Delta Steel Co., Ltd. 1 000 000 80 4X110 60 3X6 Light sections, Bars, Wire rod,
Warri, Nigeria Angles, Rounds
Saudi Iron & Steel Co. (HADEED) 850 000 75 3X120 70/85 3X6 Plain and deformed rebar,
Al-Jubail, Saudi Arabia Wire rod
ISCOTT 600 000 85 2X 90 65 2X4 Wire rod, Rebar
Point Lisas, Trinidad & Tobago
National Iranian Steel Co. 1750 000 90 6X150 70 1X6 Plate, HR coil, Pipe, Medium
Ahwaz, Iran 2X2 sections
0.E.M.X. 1500 000 65 4X150 90 4X4 Special quality billets and
Stary Oskol, U.S.S.R. sections
Iron & Steel Projects 1000 000 75— 80 6X 90 54 2X6 Wire rod, Rebar, Medium
Misurata, Libya 1X4 sections, HR and CR coil and

2X1 sheet

National Iranian Steel Co. 3000 000 80— 90 8X130 90 4X2 Carbon sheet
Mobarakeh, Iran Low alloy sheet
Alexandria Nat'l Iron & Steel Co. 840 000 70— 80 4X 70 46 3X4 Wire rod and bar

El Dikheila, Egypt

* Original design

BERAY 9 TOAFRE, RAVAGBETHSHZ L
BRESFIEETHDHY, FITHEHESNLBIHER D B
HAHEERS G, A 7, ZAEE, S - ZEEL
e EEHE EDOT VS,

DRI BEFRF~NEHREA SN D, Sk AL 3 EHR
DRI 2 S, HKAAEHE 3@ % 33 kg/MW-min
ICHERR S NG, A SN DRI 2R ICA T 7B &
VEE L EMsEs 0T, BEBIHICRS ZE2WMNL S
Y LBEFENELE 5N Twb. DRI HokETmRIbS
ERBEORIDICE Y, ZOWSTEMNERILEND., &
DTEFOF T L, BBT — 7 o SIFBENHEIERSTT 5
BEWVILAT FMRKE B L B2, FRED S D
HEPBLT B0, I HbAT 7HBEY LW
WARTHPREIE L, AP OEBEL LI L ilh b,
CDAT IO LESWIE, EIZ DRI T3 RMO
BARRE CTHMH T &, B HRE 2 NI 5 L FE L 2 5.
WK D3R B L UCBEIRICH L CBIE 2V b BEA W

BHoHLDEEZOLNLD, BIRTIIREE OREBRIZH
DVTEEISNTNED,

BRI BITAEREIR 1.7~2.0 12471 5. DRI
FICIRA DS ETET A 72D A T FREEHIML, 4%k
BHHERIIHE T, 20T FEOBEMIC L Bk
HEATE 3 5 7 O R K R 5.

Table 2 I27R L7847 5 > b @ th© K. # DRI
DER R OE Y Qatar BLEFTIZH 7% DRI DBLIF
BIRFRERO—BI% LT Icik~ 5.

3-2 Qatar BRI BT 3 DRI OFEMY

WHEIH T 5 P TOBENDEEIL DRIY A+
HELTWA, DRI~ FDEMERL & DRI
DA T H B AL T, ERFRECBXEF
T DRIRAEDEE+FHAEL . T ORERIZIIRHE
HEER 7T v Va7 <, BRIF~NOBEOWGAA IIER
LT,

Table 3 {2 DRI D EA & HHISHH B L "R

— 317 —



2120 g r M % 734 (1987) % 15 B

# (Tap to tap time) & DEI{E%R7. DRI Ft &= hy
IS TRIBERE B X ORBER & bER SIS,
12, DRIBEEERNAD 7% { b LIFREOT K OEE
BEL b,

Fig. 313 DRIRCAE L BENHEE L OMBRERL

Table 3. Effects of DRI % on repair and tap to
tap time.

DRI (%) 40 50 60 70 80 90

32 31 30 28.1

Repair time (min) 35 35
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Fig. 3. Relation between power consumption and
DRI %.
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Table 4. Typical residual levels in common scrap

grades and DRI. (wt%)
No. 1 No.1 No.2 No.2 DRI&
Element g ndles Shredded g p°M  pundles  HBI
Cu 0.10 0.20 0.20 040  0.60 0.01
Sn 0.01 0.02  0.02 003  0.05 0.00
Ni 0.05 010  0.10 0.13  0.14 0.01
Cr 0.09 012  0.15 0.14 0.8 0.01
Mo 0.0 0.0 0,02 002  0.02 0.00
S 0.02 0.04  0.04 0.07  0.00 0.01
P 0.01 0.02  0.02 0.03 0,03 *

* Subject to phosphorus content in the ore
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Table 5. Price of DRI relative to common scrap grades in U.S.A..

Typical Cu content (%)

Typical yield

Historical price relative

Historical relative price

to No.1 H. M. after corrected by yield

No. 1 Bundles/Bushelings 0.1 +0.05 94.0 1.15£0.10 1.2240.11

Shredded 0.2 £0.10 92.0 0.09+0.09 1.184+0.10

No. 1 Heavy melting 0.2 £0.05 91.0 1.00+0.06 1.10+0.07

No. 2 Heavy melting 0.4 +0.20 87.5 0.86+0.08 0.98+0.09

No. 2 Bundles 0.6 +0.15 83.5 0.67+0.12 0.80%+0.14

DRI 0.01+0.01 91.0 1.17£0.10 1.29+0.11

* In other words, relative value per unit of steel produced or relative value per unit of recoverable iron units,
approximate standard price of scrap traded up to this time in U.S.A..

AT Ty THONMMERRL, HEO/»IZ DRI $ e _
. =]

LU HBLHDZDEE LHFILT 5.

DRI B LU HBI oFfik, OBERFCERE0H%
HRETHBHEDAZ 7 v THROLMY % HB S+ H5hRA
HAHZE, @DRI BX U HBL H ORI FeO 7S L
BMLAKIBLT COFTAEFEEL TR VR WILT,
MBP Ny % He CERIT A L2 83 721F, FREL
TN BLUH FEEOBO TRV REECTE S C
ERhA, ZOM, RERNENORDCOENTH 5.

DEOBOENRHEIIMEA T, BRFEBEERILX
DEI BRSPS %,

1) A2 99y 7 LCERERSE —TH 5120,
O HS CHESEAOTTLERNTHA.

2) 279y TEENTHERRTOTFHUIEST, A
—EREFERLTWARNZEEAZTE THLERSHES
ns,

3) EMEADPTEETHY, Ny FEACHTEE
050 (Tap to tap time) PE L (M S h 5.

33'2 DRI $ & U HBI D55

Table 5 12, KEWKXBITAKERA 27 v 7D Cu &,
BEHHEE D, &5121 No. 1 Heavy melting 22 5 » 7
BHEL LMHMEKETRT. CORZ Ty TRERL
ZEOREN 2EE LT, OB L HIE L EE
KHOLMITRT. Z ONE ) FHIEAER E, No. 1
Heavy melting 2 7 7 » 7 &3ttt L 72356 @ BN EE %
SR EE YT D Ot ICHYS T 5.

DRI O %EGAE D 2 Z[E 3 5 & DRI Offifliid No. 1
Heavy melting X 7 59 7 X 1D 10% & <, No.1
Bundle ¥ 7213 Busheling A7 5 v 7L I3IZF%ETH 5.

Midrex # DR 75 > b+ TH3% X 217> DRIB X U HBI
DK, BL U DRI OBRIFTOMHERERZ Licow
Tak7z.

DRI 3ERFCHEBEEAMHA S, £REHHOE
fid, FEBLOFEOHAYOBREL L UEREERD
BRErDEOL, MEETH LIRS Ty TEAPS
BRI % /T H5hEAMH B, DRI R, FHEE
B L OO 2 S B X ORI HI 2 H o
28, TORBITRETHE T HBRE L2 HBI # 8%
B lTHESNS FEFCRECH—LBIREET S
HBI &, 227 7 v 7OREDIKT R EROLE % B
T57:00FEEGREE L TABRBFEs RS,

HBI DBERFCOMAERK T L 4% A%, HBI ©
BFHEZE» LEHEOERBICED DRI ICE & 5H
HEFBEONDLLDEEZOND. HHEEICBITILER
PG E T 5 RMEOEMGER O SR E X UERIL
IZEd%2T, [ERDTBEKIFETHB R 7 5 v 7O,
HBI ~OFZRZ I TETHMLCLLDbDEHELT
Wi,

X [

1) R. L. StepuENson: DIRECT REDUCED IRON,
Technology and economics of production and use (1980),
p. 82 [Iron & Steel Society of AIME]

2) J. M. PENA: Symposium on state of art of production &
uses of DRI, Cairo Egypt (1981 £ 4 A)

3) D. W. CLARK, G. G. CARINCI and J. A. LEPINSKI:
ISS-AIME, 44th Ironmaking conference, Detroit USA
(1985 44 )

4 ) K. YOoKoE, R. M. Al KUWART and K. A. AFZAL: Direct from
Midrex, 10 (1981) 1, p. 4

—319—



