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Melting of Directly Reduced Iron Pellets Using Electro-slag
Remelting Method and the Refining Effects

Ken-ichi MryAazawa, Ryuji YAMAGUCHI, and Takao CHOH

Synopsis:

A melting process of directly reduced iron pellets using an ESR apparatus was developed to produce

sound steel ingots directly from the pellets.

Oxygen and carbon contents in the ingot produced were as

low as those after refining in a LD converter, when such deoxidizer as CaC,, SiC or ferrosilicon was used.
An area ratio of nonmetallic inclusions in the ingot was lowered to about 0.05 by the continuous addition

of SiC or ferrosilicon.

Regarding melting behavior of the pellets, a theoretical analysis and temperature measurements showed
that the pellet temperature rapidly rises near the slag pool surface and reaches the melting temperature near

the end of steel pipe which is used as an electrode.
decreasing feeding rate of the electrode.

The melting rate of a pellet in the slag pool increased with
Furthermore, oxygen decrease in a pellet during the melting in

the slag pool and the deoxidation in the metal pool were discussed on the basis of the overall mass balance

in the process.
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Fig. 1. Schematic view of electrode. (a) vertical
and (b) horizontal sections.
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Table 1. Directly reduced iron pellets used for
experiments. (T.Fe : total Fe, F.R.: fractional
reduction)
Chemical composition (wt%) F
Pellet (’7 )
T.Fe C o] 8i0; AlLO; CaO °
(1) 9.7 0.47 195  — — — 93.3
(2) 877 0.87 239 404 229 0.49 936
(3) 8.1 203 279 215 0.75 1.6 9.0

Table 2. Experimental conditions. (x : feeding
rate of electrode)

Deoxidizer

10-2. u Current  Voltage
Run Pellet { d g } (cm/s) (A o)
g (ingot)
1 (1) 0 0. 062 1600 20
2 0.048 1200
3 0.055 1 500
4 (2) CaC, 0.69 0.065 1700 20
5 0.072 1 900
6 CaC,; 0.69 0. 065 1 700
FeAl 0.56
7 CaC, 0.41 0. 062
8 SiC 0.27
9 (3) SiC  0.54 } 0.058 1600 20
10 FeSi  0.95
11 0
12 Cr;C; 1.03
(3) CaC, 0.07
13 Cr;C, 1.03 0. 085 1600 30
CaC, 0.29
14 Cr;C,; 1.03
CaC; 0.51
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Fig. 2. Comparisons between the measured and
the calculated temperatures.
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Fig. 3. Observed results of G and O contents
along the center axis of ingot.
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Fig. 4. Relations between average C and O
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Fig. 5. Change in Si content along the ingot axis.
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Fig. 6. Change in Cr content along the
ingot axis.
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Fig. 7. Effect of deoxidizer on the area ratio of
nonmetallic inclusions in ingot.
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Fig. 9. Estimated results of potential field, current
path and heat generation density in the slag pool.
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Fig. 10. Change in pellet radius with the
descent in the slag pool.

Table 3. Change in G, O and FeO during the
melting of pellet in molten slag. (* : g/g(pellet))

Content after melting Decrease Decrease

"
Pellet (wt% in carbon* FeOI loss in oxygen
Coyn Con % et € (=)
(1) 0. 036 0. 62 0. 0044 0.037 0.72
{2y  0.087 1.10 0. 0079 0.017 0. 60
(3) 0.610 0.53 0.0149 0.015 0. 83
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1 =1.0 — — —
2 0. 87 0.28 0.46 0.23
3 0.73 0.39 0.64 | (g 0. 30
4 0.77 0.35 0.73 0aCy 0. 46
5 0. 92 0.24 0.74 0. 61
6 0.61 0.51 0.73*  (Boacy) 0.27
0.17 FeAlz)
7 0.74 0.52 0. 69 cacy) 0.29
8 0. 43 0. 50 0.25 1 (g =0
9 0.73 0.56 0.29 s1c) =0
10 0.38 — 0.09 ¢ —
et 0.88 . o ﬁFesx) .
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OB X h RDOIIHBFIO # 2 VIBRER (B) B
I0co B DERESTHELEL CO RGOHA
(40%é™y 1, Table 4 R L. 7k, ZHHLOFET
1% Csia=0, greo=0 L, Ca & Al koW T Cj,
=Ci,=C; =0 FLRELA. FELH, CaC A
7z Run 2~5 Tix, BEXEDEEOHIMCHEDT B &
AOBE L LI LTV 5B 2 Ehbhs. k51
i, A5 7irho CaC, 128 L oFfhic X > T
(CaCy)— (Ca) +2C /e RIGERCST. ZoBECIikz
ZABANENBDS, Ca 325 7P ER IR &
R Lo THEIh B TREMES K & W o®, HECIX
Beac,,ca< Boac,< Boac,,c DPMEICIeh, FEEEo CO [
IhoEIE Table 4 » 4O0gy X 0 H K& L, Bcacs,c
=1 oD 400 L h /&L 7%, SiCrop CL Si
PF USRC 4 2 MBEAFIET S EEEL T Bsic &K
»hHE, CorzVRFERYFERI Y P BES
Z it ted, Run 8 L 9Tk Bsic<Bsic,c &7¢
DOTWBN, T eI, SICroWTh FE BT Ik
Bsic,si< Bsic< Bsic,c PIAC 7y, RFEBEIZHLERS
 Si wraBBrEEL TS, Lizdi>T, SiC
DCIRERT 2 Z VB TOMRICEFE LD EFEZ DR
5.

5. &

ESR k% )G LTRSS vy bbb vy bR
BT 5 HBREIT, A7 7B TOR Vv, FEREE
A X MBTORICEEEXBRFEL, DToMER2E
7.

(1) BEH-<1FeLEIhe<v, P& ESR %
BCHE@ETs oLy, #ERNBEREE TS 1V
oy FERBETESL. AEPEERE SIC T wv
Y 2 vORmOBIH 0.05 ¢ FA 0%,

(2) BBFIOBMNC I, 1 v=, FREEREE
LD #xiFmk X Lo d 0w+ 5 0.01~0.02 wt
DfEE THWATH. A7 7WATDOR Vv FEMEFIC,
FREERFE L ORIGE IO TLBERIE 0 £ 60~
83% 2NEL, By 2 MBRCET S CO G
Si g S koA TA.

(3) <A 7REEEMES &, ER MR TREENR
KEIbh, vy rOEGRHEBCELICA T ZIERFER
BAMRELNRD. U, FOREIIAS ZBRAENT
TRABC ERAT 52, BETHRTONVy P REFTY
BEIXVEEOWD E LI R/PEL e, AF JIBAT
DRI IS 5.

BHEC, AMRORTCHI ) fifgE WA h

o

BASEAEHS I Lt SRR s, R
BHEhi-TARYEEEERR—F Bl: b =2 2 A BH
BF), BIORU .y P RREET S O7 () AL T
b B e TR B — G, P ALRERES, RIEE — R #H
FAELET. Fi, APRo—MIE AR
WS Lot E AR LEBEERLET.
Appendix
Ry PAR IO AT ZBRHOBINTRITE 4 (Al)

FIO (A2) XNTEIIS.

016, (3T,/02) =1=2-8{r2ky (3T /3)}/or - (Al)

upkct (0T%/02) =r-2k%-0{r? (aTg‘/ar)}/ar

- - (A2)
oC, ur ETHE, o WE, o LBk BREE,
T,: vy MEE, TE: 25 7RRE. (BERERE Sk

Fig. 8 %#&M.) T\ O#E&ME&F L TOEREMX
#u (A3) & (A4) RTHEXBHh, RETOLEMEX
Fig. 8 ok 1t T HM(I), #E2 T
SRy, NEEERE (T IECT, AF 7B HH
(), Tpms (A7 FEE)<T 5 <Tyu (RVy b Al
O () ¥ XM (V) o3 bh, kO X
SIEINS.

z=—00 T T=T,

r=0 ¢ 0T,/or=0

(I) & () r=rpo T ky(8Ty/0r) =h1e (Te—Ths)

- (A5)

T%, k. (8T,/0r)

=k§(@T%/0r) - (A6), (A7)
r=ry C T5=Tms, k¥@T%/or)
=hye(Te— Tma)‘}"{"' (Te—Tms)

+ 24} p¥u (dry/d2) - - (A8), (A9)

(V) r=rp T Ty=Tpn,, k(0T,/0r)

=hyo(To—Try) + {Ul(Tc—Tml)

+21}p1u(drp/dz) ............... (A]O)’ (A]l)
TIC, rpe EAS Vo, MEAER, HAR (D) © 7p 1T
D A S r@sEEE o ERE, I (V) o
vy PRBREER T, XEAKEE, he XX

vy MR OBEERETH L. Hi o R E
(T »EEETsE, T, OfEx v, PRLAE &
AUrEsodocfRETH2L I (AD) & (A2
XEBIAGTETE 5. CoMBEREENES Ex H v
7z,

—%, ¥EHAaoREARYERL, CO KW O &
EPEREA S 7D b DI LW LRE L s & Bl
AL TOBREEITI &, F4 (Al2) & (Al3) XA
Bohs.

() r=rpo T T1=

—. 55 —
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— dT, darT, 2 3(1—¢)

eke ‘Jz"; -I-Ggﬂg Mdﬁz_ — *RT Jac— T
Cae=0 e (A1)
fT4 dT, 2 2R,

Cdp T g TR T Ry _RY

e (A13)
CCT, e BZEME (=l-eo(rp/rpo)?, &0 1251y b
FEHEK), ke WHDRMEEE, Gg b cg 127 ADWE L
B Ty 391 FIRE, qio -2y o b /iR o 8
D, qoe 1234 70/@%*@@@?’3%%(:}1@(7}*Td)),
Quo X3 A T LEBKEIIIA T 71 L ORI o # ¥ d
(Zhao(Ti—Tgg)) T, Toq W21 & 2 T4 FHR
HWEE (To) B IO AT 7IBIRE (Ty) %%,
(Al2) & (A13) KOBEREBIRO LS CH 2 b
ha.
2==00 T Ty=Te=T =Ty rereeeeeerenes (Al4)
2=21 T Te=Ty, Ty=T s, ki (dT,/dz)
:Ihb(Tb—de) _uP4{‘4(Tb_ Thma) +14}
(AIS), (Alﬁ), (A17)

fe = vy b /HEBEER O BE 2R e 35 &, (A12)
& (ALS) RirEBZ LT AU RERIE L LT @2 h
. COFMEICII B UGBS A L.
BEOBEES (21) 2RMDID, HETRET 2
EREL, v, MEEEHEGHR XOBEOEEY &
Hike, (A1) Re zn OEEMHOBEOHE D
LSRRG R AT o, EHECH G EELL Fo
EBDTHD. HH =0.2 ,=0.24, ¥=0.4, ¢,=
0.18cal/(g-°C), % p,=2.7, p*¥=2.5, 0,=7.6¢g/
cmd, BEHMEE £%=0.005, k,=0.07 cal/(cm-s-°C),
RifEE 2,=2,=60, 2*¥=90cal/g, Fhs Thi=1470,
Trs=1380, T,,,=1500°C, FiFK ,=0.54, 5 P &,
mE 7T,=30°C, 7 2ifiE Gg=0.0l-ug/(cm?s).
AT 7ERE Ty 1% Run 2~5 OERICES X 4
1660, 1625, 1610, 1600°C %FHL7:. <Ly b D
B IRERE O KHEO 2 E, BUSEERITE
RERAD L OB L, 1T he=h=0.004, k=

0.4x10-3 3 X OMEIR 2 T hyo=0.1, hy=hey=0.075
cal/(cm?-s-°C) &\ fo. HRBIGE k. XREOHE
il & SERMED LB B 1 & 2T/ 4 0.015 %5 1ot
0.5 cal/(cm-s-°C) F g L.
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