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Influence of Ore and Coal Brand on the Reduction of the Carbon Composite Iron Ore Sheet

Chikashi Kamuo, Masahiko HosHl, Taukazo KAWAGUCHI and Yasuo KAMEI

Synopsis : A new DRI process named SMIMET (Sheet Material Insertion Metallization Method), which a wet and dense sheet material of coal and iron
ore mixture is reduced in RHF (rotary hearth furnace), was proposed. Binder addition and pelletizing process were omitted in this process.

The fundamental and bench scale tests of it were carried out. In these tests, the raw materials were formed into the sheet shape samples by

hand or sheet forming machine. Then, sheets were reduced at 1573K in air atmosphere. The produced DRI formed into briquettes at 1273K

in Ar atmosphere or at room temperature. After that, the softening-melting down tests were carried out. As a result, sheets contained higher

F.C. coal smashed when they were heated rapidly. Sheet smash was controlled by decrease of the apparent density of the sample. Also, higher

metallization degree DRI were produced when hematite ore and/or higher F.C. coal was used. The influence of sheet thickness on the produc-

tivity was greater than that of apparent density of it. Therefore, the sheet thickness should be decreased when the higher F.C. coal was used to

increase the productivity. In addition, the permeability of the softening-melting down tests was affected by the porosities of briquettes. It is
believed that the strength of DRI increased when it was formed into briquette so that the temperature, which DRI began to soften and melted,

was raised.
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Table 1. Characteristics of raw materials (mass%).

a) Ore
Brand T.Fe FexO3 FesO4 SiO; ALO3; CW  -0.125mm
A 680 967 04 1.0 0.4 0.3 94
B 692 655 300 1.6 0.5 0.2 94
b) Coal
Brand FC VM  Ash C H O  -0.075mm
A 554 354 92 7430 440 9.90 63
B 78.9 6.8 143 79.10 290 1.80 100
C 71.3 189 9.8 8216 3.77 3.18 86
D 58.1 34.5 7.4 7858 4.61 741 74
E 56.2 375 6.3 7446 522 199 65
F 648 272 8.0 7881 478 148 91
G 67.7 222 10.1 79.54 457 117 91
H 75.8 13.7 105 82.86 394 299 86
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Fig. 1. Schematic view of experimental apparatus.
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Fig. 2. Schematic view of the large type electric furnace
with a hearth moving up and down.
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a) Gas and thmperature conditions
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b) Packed bed and load
conditions
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T

Graphite
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-Gas flow rate: 30NI/min

-— Pressure drop measuring

Gas inlet

Fig. 3. Experimental conditions for investigating sinter

properties by softening-melting down apparatus.
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a) Ore A/Coal A, b) Ore B/Coal A, c) Ore A/Coal B, d) Ore A/Coal D
Ore/Coal=77/23

Fig. 4. Schematic view of the sheets formed by the sheet
forming machine.
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6. The influence of ore brand and FC in coal on met-
allization degree.
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Fig. 7. Relationship between metallization degree and C
content in DRI.
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Time=30s

Fig. 9. Schematic view of carbon composite iron ore pel-
lets at the start of examination and 30s after. (Ore

A/Coal B=77/23, moisture=13 mass%)

Solid mark :Ore A/ Coal A=77/23
Open mark :Ore A/ Cola B=77/23
100 T T T ' T—1

(Moisture)
O @ Tablet  (10%)
< 80F = [J W Sheet  (10%)
% ’ A A Pellet  (8-15%)
[
£ 60F -
5 o 4
g o
401 o .
E °68
S ]
+ 20} O o] -
o A oA
0 i I 1
16 18 20 22 24

Apparent density before reduction(x103dry-kg/m3)

Fig. 10. Relationship between apparent and

+110 mm ratio.

density

THEL, 30MBISIINL Y P BEL ZZ2DPBIERIHh
oo ZOEIICHER BRI CTREL D 2L, thog
ECHRTHHERINS, ZOZ L5 ERCREHEED
+10mm KT E, FEMIICEZ 2028 HEE L BH
nb, BECKIZ, ARILENESDOT, HFERESDOS
P A AT THREIMICESI L T b e EZ 6h 519,
& o TEERFRIC K BEIMRRICIL, 2 OH5 S % )k
UTERRICHET TRLL 728D Bbh 3,
EZATHIBROMLOER L LT, FERPAKOEIN
R E LT, KIFOWEFETH 3 [ILOFHEE (RiHE
) »EFohs, 22T, BILLRT W Coal BE,
fEA#Z DIZ< W\ Coal AZHINWT, REZEE L +10mm b
ROBRE 4 TV y P THEL 2, ZORRE Fig 10138
T, BEDLDIZ, Ky — &Ly bORERSE T
Ty kU7, ACR#EETHETS &, Coal BAHWE
7 —2id, Coal A% HW=3HA T, +10mm HE A K
Mofz, LU RBEE224X10° dry-kg/m® (35T, B
ILLIZ< W Coal AZHLTWTE, +10mmItZEILH
25mass% F TIK F U, @2 Coal BREAHKETE, RIFHZEE
7 2.0X10° dry-kg/m* (P HIE, +10mm bRIZT3 T

138

35mass% il 72, ZORERM S, EC.OEN G R R
23, ERORMEEAKTXE5Z LT, FiEPOBL
Al TE s P IR S,
4.2 ARODFC.EZOFME

MIERRAF & W2 B T#sbE 7o v 2126 0T, @iF
& RRRETTM L DA BNE 2 2 MRS 55 & & A
ENB., KR L ZZEBRERTIE, BROECHE W,
HEIHOTBIRIIEL Lol —HRBADEEXKEE
% Coal A& (2L 72 Coal BOEERTIZ, &L 0%(T
ETORECRED, Coal ABERIFIZIZ 2mass% 72 - 72D
xt L, Coal BEFHIFIZIZ0mass% 27 » 72, AEEBRD XS
S IRMPERSAERINTIZ, F12(8), (9)RITL-T
RISHHESTT 2 Ll S h T3 17,

Fe,0,(s)+CO (g) > Fe,0, |+CO (g) - woerremermreseeess (8)
CO, (2)+C (5)—> 2CO (g)+++rrrerrrrrrrmrmmrrsessnnsnaanninies (9)

REERD K512, FHERmEL 5 K CHRGH X 0 abr At ng x
NBRHT TR, (9)ABRFEKIETH 5 L OMEHL
B2, [T, FCOBOLRAMBHTS &, AN
ERFRIZIHL T(OHRTRET S COH 2 E LMY
30T, (HRDKIEIEATEBILES ERL-EEZ
bhd, -BEREREEIZTE L, FAUERELED
EIEPEH CIZ, FCOBROWERAEMHEHLZE XD LA
Lir ol o TRMNERSIADREITIZIE, ARPO
FCZT%HL, ARPERFIVMEFES L TNWE T &N
Ezohs, L2rL—#EDEEHMS, Coal B#% 18mass%
Pl E23mass% KimD » 2 EABIZT T, £BILEI0%
THRECH 2mass% DBEITLHEMBBONZEDEZEL LR,
BMECHKREMMAT S A2, UMK TE 5L T
mEha,
4.3 SHREEM

¥ — FNTORIBSEFROEITC L IR D H AL R
ETCOBRETHDI 26, KIbEIEE L Tk DR T X
D EEBILROETCHAEFET 5720121, ¥ — FADEL
AGEE D LAV EETH S, ¥ — FNOTE LRI, &
HP5DIRIEDIZBIIKZA I N TR LEbLh2DT,
HAHIEETOY — FERED S x TN 2P ORE T
&, WEEERNOGRELE & &MY A REL00)T
ik TEB bR,

AT
a  pC, ox*

aT

ZZTT iE K, ¢ FlG), A #{EEE (WmK),
p - EE (kgn'), C, HWELUKgK), x @ Kifi» 5O
mThd, &, IEET, BEHDY — M #BET,0
FIZHALZZE 2D, (HBROBNIREAE LS. kER
miEWEL L 45, (10)ROWHEME,



=0, x>012K\ T, T=T,

BASMHE,

t=o0, x>01Z 8T, T=T,

x=0,>012HBWT, T=T,

x=H,>012E T, 9T/9x=0

Thb, IhonAziTlL,

BE roMRIl, ¢=(T-T)(T,—T)

BER D ARTCAL, =Pt (72721 B=A/(pC,H?))
B x DRI, w=x/H
(10U fRA U TEHT 5,

99 _ P
20 Jw?

F AR, BRAFGEENThUTOLS 12K S,

0=0, 0>0IZH T, ¢=1

O=c0, 0>012F VT, ¢=0

0=0, 601K \T, ¢=0

o=1,0>012F\T, 3¢/0w=0

10y Xizik ¢, 0, oSO EKRIZEENT, BRITE
B¢ & BERTUAE o DBITR, § /&b b EROCHRE 570 & )
T B DITHERTCHE 6=BtDATH 5, ZOEXITLILIZ
0, BOERL SBADFRERLIIH L, MpC )t
Bl2ZenHBDT, V- E#HLST 5L, RIEEL
KT AEREIS EA L, RN EHTIEER
Ehb, LaLy— MIBILEKEAEDT, 10)XHOBZR
HEIAENEZEE A TH S,

A =g, + L e, an
Ap 2 A
o+
3 A

ZZT, A HMERMRERE (Wm/K), Ag, Ag R, Bk
DEZEE (Wm/K), g, @ ZZRE(-), ¢ | kERAE

EORBRIZTBH(-)ThH B, AHEUCERE ITEED
HMEAZTHOT, EEEMO, ThDLREENR
WD, ABZEEIREL 55, Ko TRERIZTEH
2, RERE AR S S, I THEND A
BEICHELE5 25, V- PORMEBEELEEREIZONT,
ML EMISEHTES ZE— LY — F OFTLERATL
BaEFL 7=,

FiglliZl, REEE -2 TFTCTREZ2ZELZ L2 E—0
V= P DETCER, SE LN EE L SEEROMFRER
T, BEIEMNT S L, $EEERUSBILENILEKTF
L7z, BEBIN-EDBONELHEROHMLD &,
JEWEE EROBENZ K2 ERICRIET O, SAmER
1252 3 BRKEN S EBDbNRS,

Xz, BE—E T CRHEBE#EBLZAE-NLY — b
DEICEBE»LB/ON-RBEE & GREREEOR R E
Fig 121289, @RBRIIRBEE ER ISR TL

139

R R M RS E TR OB ITIZ 517 % S R R REMOTE

Ore A/Coal A =77/23
Moisture: 10.7mass%
T T

T
Apparent density:
2.0x103 dry-kg/m3

—60
95 -

- 58

—{56

—54

-152

Metallization degree(%)
©
S
T
Productivity(M.Fe-kg/m2/h)

™
43}
T

-50

10 15 20
Sheet shickness (mm), Reduction time (min)
Fig. 11. Effect of sheet thickness on productivity.

Ore A/Coal A =77/23
Moisture: 10.7mass%

-1 60

__ 95~ =
9 £
o X
& - 56 &
5 90 =
T 154 %
N =
5 5
3 ) —52 3
= Sheet thickness :10mm B

85~ Reducton time :10min_| . &

]

|
1.6 1.8 2.0
Apparent density (x1 03dry-kg/m3)

Fig. 12. Effect of sheet density on productivity.
$100=98% s
S 929 :
© 801 i
% i
© 60— / :
= V
2 40 :
IS 1.2min
s 20 r*
[5] '
= 0 | I/ NI W 1
0 5 10 15

Time(min)
Ore A/Coal A=78/22, Thickness=10mm
Apparent density=1 9x10° dry—kg/m3

Fig. 13. Transition of metallization degree of sheet with
time.

72, SRAEFERIERMEE ERICK0MML 72, RMEE
DOEFIZEIRMRED LRENEN, SBLEMET LA
Zeknd, RMEE EFICK0ECSHEREI MLAEZZ
EDFM, SEERIIGZDHENREP 1220 EED
N5, 22T, ZE—NLY— ORMEED 1.6dry-kg/m’
DT, EICHER 250 L TR RO O E #4308
LA %FAL %, BiRPTAEL:E, AE—LY — D
FRICHE & B LEDOBfR % Fig 13127 T, B 02%
M5 96%ICEBDIT, 12988 L TN T, Figl2T
R EE A 1.6X10° dry-kg/m*D 2 E— L ¥ — b & | 8.8%F
BILTWIEBEN% 5D, REMEE22.0X10%dry-
kgm* D ZE— N — b & FEEL# (M. Fe=81.6 mass%) 2
BozdDEMEINS, L LRHEEE1.6X10°dry-

831 Il



I 832

sk & 4R  Tetsu-to-Hagané  Vol. 92 (2006) No. 12

Ore A/ Coal A=77/23
T

100 T ,
I S
S 951 g TS
o
£ G
g oo ns NN
L -8 H
g 851 RRRRRERSE
o
g g
80 | 1 i
45 50 55 60 65
Productivity(Fe-kg/m2/h)
Atmosphere 11573K in air
Sheet thickness : 7-12 mm
Pellet Dia. :10-15 mm
Apparent density
(x103 kg/m3) _ Sheet
ps18
1.8<p=19
19<p=<20 E
20<p | ]

Fig. 14. Relationship between the productivity and the
metallization degree.

kgm’ DA E—-NLT— 2 6HLNAEITHRIL, 20X
10’ dry-kgm* DIFIZE SN2 ERBE L DD HNDT, $#
i&%mmsmqm%amiéhtoﬁ%%f%mbt
BT (BE Ilmm %70 14) | FEHIE IR
8 BT A M LA ﬁmé%Tf%%#%oﬁm? by
JURFRIRERE X SR UK P ISR U, SEPER DM A
LGirolzdDEBbh3,

PEOBERID, BESI0mmA 5 20mmiZk-7/md X
DFAERER F AR 11%, HEMEE 252.0x10° dry-kg/m® 2>
5 1.6X10° dry-kg/m* 125 > 72 & T DR T 259 15% 75 - 72D
T, RIHEENSEERICIE L ZHEOHHRRKENE
Wwmiha,

ZZT, EHIMRA L RMEERORBIED Y — b #387C
U, AERLSBILEOBBRAERML -, ZOERE,
Fig 141289, FEEROME, $EmEER+ Ly 5 & & t#E
AT U224y, 5l 21X Fig. 14 th o §k 4 PE 3 53 Fe-kg/m¥/h {+
TR, REEESSOARERBLEIEMEAS D - 72,
INEARIEHTIE, BHEEREN Y — MERBERN
fArAad 72 &, (10)RNPOBRYZEE 2 Y — D2
FREBICHEA R -2 LItk Bbhb, $abb RM
FEOLEACL TR TL0E, HEEMKIZLSE
BALR FROFTA, SAEFERIZE L ZHEBKEN 12D
T, BEMEL 2ORMBENESVT A, ERILENEL
BONIETLHRELEL bz Bbh b,

wBIC, kL&, SRR EHEd 27280
Ed,Eﬁ%Mﬂ@%Hﬁﬁﬁﬁﬁﬁﬁ_ﬁétmﬁéh
%, L2 LUREEERTCX28EREEK N, BEIKT
THIETESEZ0NBDT, BFECREAKIZS, &
PAEEREPERTXIEDLHERENS,

140

5. #&E

Vo bPREBEHOBZFLOECHREERETH B
SMIMETAIZ 3B 2 Ak RO O E L | BILED
AP AR L U ERLEARREFZE L, LToMmA
#187=,

(1) GREUOHAOHMIZE ST, ¥ — F OAENITHE
THotz,

(2) N2 P RIAEFHLBAOHF R, w7 %
g4 PRIBDIIEN, ERBIEEOSETLHLEE N,
ANREAL DDOFFR, TTF A MIAEICEE AN T
LISERT L Bbhs.

(3) FCHABVWEREAHEATS L, BITPICBLL 7,
U U REE ZKT LT 2K L 72384, FC.OH
WARDTTA, EBLEROEETHEIME 6 hi,

(4) BIXgEE 7V 7y MLLTRILEEERT X3
&, rEELABRIC B A A E L, SRR
PUHEBKS MK T L 7=,

X 73

T.Zervas, J.T.McMullan and B.C.Williams: Int. J. Energy Res.,

(1996), 69.

J.A Lipinski: Ironmaking Conf. Proc., ISS, Warrendale, 52 (1993),

349.

K.Miyagawa, T.Matsumura, Y.Takenaka, K.Sugiyama and T.Harada:

CAMP-ISIJ, 10 (1997), 115.

J. Met., (1965), May, 459.

T.Kawaguchi, H.Yamaoka and Y.Kamei: CAMP-ISIJ, 13 (2000), 124.

C.Kamijo, M.Hoshi, T.Kawaguchi, H.Yamaoka and Y.Kamei:

CAMP-ISIJ, 13 (2000), 985.

C.Kamijo, M.Hoshi, T.Kawaguchi, H.Yamaoka and Y.Kamei: ISIJ

Int., 41 (2001), Supplement, S13.

M.Hoshi, C.Kamijo, T.Kawaguchi,

CAMP-ISIJ, 13 (2000), 830.

C.Kamijo, M.Hoshi, T.Kawaguchi,

CAMP-ISIJ, 13 (2000), 831.

C.Kamijo, M.Hoshi, K.Ohne, T.Kawaguchi,

Y.Kamei: CAMP-ISIJ, 15 (2002), 111.

C.Kamijo, T.Kawaguchi and Y.Kamei: C4MP-ISIJ, 14 (2001), 208.

K.Mochizuki, T.Murai, Y.Kawaguchi and Y.Iwanaga:

Hagané, 72 (1986), 1855.

Y.Sawa, T.Yamamoto, K.Takeda and H.Itaya: ISLJ Int., 41 (2001),

Supplement, S17.

14) T.Matsumura, Y.Takenaka, M.Shimizu, T.Negami, 1.Kobayashi and
A Uragami: Tetsu-to-Hagané, 84 (1998), 405.

[5) T.Maeda and Y.Ono: Trans. Iron Steel Inst. Jpn., 25 (1985), 1191,

16) () T3 ¥—-RETEMAMAKINES | ARIGIRE,

BhRwAL, T, (1993).

FEEEAN HARSMG 220 e 7 o« 282 L BRLsk

DRFEICOHTELIEH, BARSHG S, W, (2000).

Y.K.Rao: Metall. Trans., 2 (1971), 1439.

R.J.Fruehan: Metall. Trans. B, 8B (1977), 279.

M.C.Abraham and A.Ghosh: fronmaking Steelmaking, 6 (1979), 14.

PTiwari, D.Bandyopadhyay and A.Ghosh: Ironmaking Steelmaking,

19 (1992), 464.

D.Bandyopadhyay, N. Chakraborti and A.Ghosh: Steel Res.,

(1993), 340.

V.K.Trujic and D.T.Zivkovic: Mater. Trans., JIM, 38 (1997), 983.

EFRR, © MmEAEE B, R, B0, (1976).

20
2)
3)
4)
5)
6)
7)
8) H.Yamaoka and Y.Kamei:
9) H.Yamaoka and Y.Kamei:
10)

H.Yamaoka and

11)
12) Tetsu-to-

13)

17)

18)
19)
20)
21)
22) 64
23)
24)



