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#-90 Estimated grindin.g‘mill performance in the paét

Rod Mill: Feed rate t/h 120
Power consumed kW 810
Power consumption KWh/t 6.75
Feed size, Fgo micron 21,400
Product s:ze, Pso mrcron 287
Work index kWhit 12.94

Pebble mill: Pebble t/h 18
Feed rate t/h 98
Power consumed kW 2,064
Power consumption kWhit 21.06
Feed size, Fs0 micron 287
Product size, Pgo micton 13
Work index kWhit 18.31
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[4-21 Flowsheet of lypical two stage processing plan
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491 Expecled grinding performance of typical two stage processing

Rod Mill: Fecd rate . th 1202
Power consu med kW 810X2
Power consumption kWhit 6.75
Feed size, Fgo micron 21,400
Product size, Pso micron 287
Work index kWh/t 12.94

Pebble mill: Pebble th 18
Feed rate vh 196
Power consumed kW : 2,064
Power consumption kWhit 10.53
Feed size, Fgo micron 287
Product size, Pso micron 74
Work index kWht 18.31

Ball mill: Feedrate = - . th 165
Power consumed kW ‘ 2,064
Power consumption kWh/t 12.51
Feed size, Fgo micron 74
Product size, Pso micron 29 -

Work index kWht 18.31

Q) 2T FInBY5 2 RS

BEORT N3 »@ﬁﬁ%ﬁ%%ﬁm NMEWTﬁéophﬁﬁﬁﬁ
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YHAIG T O 2 BRSO WIRE & A U, %mmnm&%xmwnw
RS0, O TEMADRS TS, AEOXZFNORDyY KINO 1
BER-IIVNZERL T B 2BBOMBRETRI HFRTH A5, 70
L hRER-22 1. BRREOE A D TMER-92 {57,
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[{4-22 Idea of new flowsheet
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%-92 Grinding mill péfforinance expected

Rod Mill: Feed rate th 113X2
Power consumed kW 810x2
Powef consumpfion kWh/t 7.17
Feed size, Fso micton 21,400
Product size, Pso micron 258
Work index kWhit 12,94

Pebble milk: Pebble t/h 24
Primary mag. conc. th 180
Power co_nsumed kw 2,660
Power consumiption kWh/t 14.76
Feed size, Fsu‘ micron 258
Product size, Pso micron 49
Work index kWht 18.31

Ball mili: Feedrate th 161
Power consumed KW 780
Power consumption kWhA 4.84
Feed size, Fso micron 49
Product size, Pso micron 33
Work index kWhit 15.46
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.93 Property of final concentrate

Test5 |Test6  |Test 10 |Test 7

Yicld (weight recovery) |% | 46.95|  48.81] ~46.26| 29.23
Size : IR .
- 45 micron % | 90.44] 86.34 - 75.59

Assay | Y N

T.Fe % | 70.73| 69.87] 70.39 70.84

P ~ l% | 0.066] 0.036] 0035 0.026
Distribution into
concentarie ‘ ‘ Lo

Fc recovery %] s6.60] 58.99 57.49 35.80

P recovery % 2.83] '1.49 1.44]  0.70

%-94  Size distribution of final concentrate

Size . %of Passing -

micron |Test S [Test 6 |Test 10[Test 7.
250{ 99.96} 99.96;] | 99.98
150{ 99.92| 99.94 99.96|
75| 99.65] 99.74] | 99.66|
45| 90.44| 86.34 75.59
25| 43.82| 43.91 36.78
20 30.88} 25.78 22.74

-23~8-25 2. 7A MSROBREE, BRGNS AOMED
Bl Lz, BEICDWTIIRIE, %Fe, %P OMBRALTH B, 1FEE
8 (7DR) BREROT S MBI, BLEICL > THE SRR
Bahs, R

FAZMEROFMELXALEFA D7D %, §-26~29 IT;RLIZ,
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Test 5

Test10

Test 7

_ Distribution of welght in laboratory tests
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Waste

{non magnetic tailing)

| Fraction of -45micron=86.3%

250

N\ 46.3%

Fraction of -45micron=75.6%

'} | I L

8% 20%

40% 60%
Cumulatwc welght %o
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f4-24 Distribution of iron in laboratory tests -~

¢=70.8 ¢ In concentrate

0% 20% 40% - 60% 80% 100%
Cumulative weight % of iron
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1425 Distribution of Phosphorous in laboratory tests

Regend Concentarte o W a5t m—-—"‘"
2.8% (non magnetic failing)
, L.0% . ‘ .
Test 5 10.6% == 86.6%
¥ 1.5% \““‘—j Phospharous conlent in concentrate=0.066%
Test6 Noiild 22.7% Rl 75 8%
i Vg st i
¥ 1.4% "7 Phosphorous content in concentrate=0.036%
Testo Nig} 16.1% L= 82.5%
‘_“-““—‘M,__
0.7% = phosphorous content in concentrate=0.035%
¥ d ‘
Test7 §3 8 18.8% b= 80.5%
——— Phosphorous content in concentrale=0.026%
L . (1 - . | 1. . 1 J— ————
0% 0% 40% 60% 80% 100%
Cumulative weight % of phosphorous
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6.2.8 %mfgmﬁm

(1) BRI

1980 4 A & 1990 F H TOAFERME, B-64 LR-65 1TRL I, TN
EVIHNT, 1988 4EA S 1990 4 TORRRBH L FRRBIERR U BER
BHOATFL TS, 3FMOGEHIR-95, 96 IRTADTH S,

#-95 Operation Performance (1988-1990)~ Preéoncentration plant

Product Weight

R %
Run-of-mine ore 3,912,946 100
Waste 1,098,663  28.1
Preconcentrate 2,814,283 71.9

#-96 Operation Performance (1988-1990} Concentration plant

Product Weight Assay Distribution 2%

t % % Fe| % P Fe P
Preconcentiate 2,845,056 100 52.98 1.315| : 100 100
Non-magnelic tail 914,862 32.2 23.61 3.095] | 143 15.7
Flotation tail 208,992 7.3 51.82 3.269 7.2 18.3
Concentrate 1,721,202 60.5 68.731  0.131 78.5 6.0
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(2) TALRELEM

#-64, 65 &oﬁ 95, 96 @&K%%ﬁ&ﬁ%uﬁﬁa)ﬁnﬁ%%@lzﬁ ¥
*Elﬁsf\fkfﬁﬁ‘ﬁ -97, 98 L..”J\T jV3 ME P N 'r‘@nu{\ﬂi #-64
Ofi. Thebb 1980 ff?b\b 1990 4E £ TOEHMEE Uik, I B ®

HE 2 RS 3 LW D B ATROE L bETFHELI,

#-97 Estimated concentration dpérﬁtionQI

Preconcentration plant

Product . Weight - ©
tlyeai ) %
Run-of-mine ore 2,600,000 100
Waste . 700,000] . 26.9
Preconcentrate 1,900,000 73.1
#-98 Estimated concentration operation-2
Product Weight - Assay Distribution 2%
Yyear % % Fe| % P Fe P
Preconcentrate 1,900,000 100 53.37 1.329) 100 100
Non-magnetic tail 637,000 33.5 24.40 3.260 15.3 82.2
Flotation tail 163,000 8.6 57.69 2.434 9.3 15.7
Concentrate 1,100,000 57.9 69.50 0.047 75.4 2.1

(3) BREFNOBIRBREOHIL

K-30 70 5 R-32 K RIE T THRIILHE . H-96 OIELHN T
FA N 10 OHBEFELT, TR, KK > ORGHEON TR
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{4-30 Distribution of weight

Regend
plant result
1988 to 1990

Forecast

Testl0

Concentarte

[ Infeed, TFe=5298%, P=1315% .~

7

60.5%& N

Infeed, T.Fe=5337%, P=1329% . 'geor

0%

20%

R T ' } —_ —_— 1
40% 60% 80% 100%
Cumulative weight %
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431 Distribution of iron_

= non magnetic tailing ==

"T'Fe in feed=52.98%, T.Fe in concentrale =68.73% -

il

293

Cumulative weght % of iron

plant cesult | 78.5% 14.3% =
1988 to 1990
T.Fe i feed=53.37%, TFe i concentrate =69.50% ;.
Forecasy 754% = 15.3% =
T.Fe in feed=56.64%, T.Fe in concentrate =70.39%
Test10 51.5% .
{Middling)
L 1. - 1 R | L] PEU—— |
0% 20% 46% 60% 80% 100%




$3-32  Distribution of phosphorus

Regend m@%\ non magnetic lailing =2

Pin feed=1.315%, P inconcentrate=0.131%

plant zesult
198810 1990

75.1%

" Pin feed=1329%, P in concentrate=0.047%

Forecast

82.2%

TcsliO

© Pin feed=1.121%, P in concentrale=0.035%

82.5%
i P o 1 ] - — -
20% 40% 60% 80% 100%
Cumulative weight % of phosphorus
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6.2.9 REHXIRE

U)m%ﬂmi%uyﬁéﬁﬁ

‘J /ﬁ@ﬁﬁ%ﬁ%ii"ﬁ_ét&blm 95 SITRILTHS &t 5, &
mmmmfﬁ&mﬁ%ww%%ﬂmm'a“ HLETHSD, HIPASAM %51
RSP OFHEHTH D 44 70 BSEITHFETEL. U SHEROR

KNI RINT 5. ﬁ%’”@ﬂw}\ﬁu@%uﬁ%ﬁ&:éﬂtﬁ\ 24 NEEY
HTNERRT BRATHS. gt aRENSH 5. —4 340
> 90% (F-92) 1 & 92.5% UK ISH KT HHE D, RT3 ER—
V2 NVORFRREOREER-99 ITRLE,

%-99 ' Grinding result estimation in fine grinding

- 44 micron % in final concentrate 90 92.5 95
Pebble mill
Pebble t/h 24 24 24
Primary mag. conc. [t/ - 180 180 180
Power consumed kW 2,660 2,930 3,260
Power consumption |kWhAt 14.76 16.28 18.11
Fced size (F80)  : |micron 258 258 258
Product size (P80)  |micron 49 44 38.5
Work index kwhit 18.34 18.31 18.31
Ball miil
Feed rate t/h 161 161 - 161
Power consumed kW 780 780 780
Power consumption  |kWh#i 4.84 4.84 4.84
Feed size (F80) micron 49 44 38.5
Product size (P80) micron 33 30 27
Work index kWhit 15.46] 1546| 1546

BB L7YA 7 4 2P A FILE BT ATA hb. HHIUEY X IHEHAD
Mshis s, LinL, 2 BISIUEOREEOIRIZT A 51 AOHRNK
X<, YA T4 IHAVRZBTUOBBEERFATOILON, FATA
ORGSO LT MO IR BT D, U 7 o St Pl gtk
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6.3 BREMLERLAERLSA VI ORE

6.3.1 BEOEESEERTAEA

(1) Kkl (WisL) DFiks

HIPASAM QRAE 2Ly hOU > T3 F, 7Y &4 i
1. %ﬁﬁ«v;bhﬁﬁéﬁﬁﬁi&bﬁmo%Emﬁmmuy,?
LI FEMLIHLD.

B-33 1. HIPASAM iz k& O%ﬁ?s h##ﬁ#a)ﬁﬁo\&u > OERZ
. L. ULt 0.04%E T oI55, fEkdh OINI 70%
Lz Edis s &ﬁ%ﬁf%éomlm«v;%mﬁﬁﬁﬁim/ut
ThH. %m@ﬁﬁwmﬁﬁ@83 % &L,

HBI 1253 % M.Fe OBHII 8% ETH Y, MEIRTT 55,
Wonhgks) 68.52 %PLEE LA S, (R-34 )
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{4-33 Relation between P and T.Fé in Conc.

F%in o
Conc [ ) ;
0.140 o g,ooo%oc‘o A
O ¢
0.420 o & sof
¢ °
0.100 °
0080 ¢ P %= 0.0299 x T.Fe% +2.184
0.060 |
S E I — PR} | — .. R
662 684 68.6 8.8 690 692 69.4
T.Fe % in Conc.
1q-34 |
Relation of iron contents @“35. L ' iC
in Pellets, HBI and Conc Relation of P contents in Pellets, HBI and Cone
Fe % - e
o W P% . I
94.0
O TFcin HBI 0.180 —T "
92.0 Fear——1— y -
0.160 - -
90,0 |~ f———f - ' PR o
0140 1 o Pin HBI =
880 F— o B 0.120 {% Pin Pellets = —
860 (- 18 ~MFein1BI ] |los00} — %
810 - —F—F—- ||ooso}---—— - =
0.060 : e mtt
700 t-—-—§ — 0.040 —0 —
X
68.0 |--—|- a2 0.020 —— ]
o |9 TFeinPellets
o b i1 ] lo00 ‘ i
635 690 695 700 705 0000 0020 0040 0060 0050 0100 0120 0140
P % inConc. '
T.Fe in Conc Fellets is fo be produced with 10kg/t benlonite addition
Pelicts is produced with If P in Pellets should be 0.04, P in Conc. should be 0.04,
10kght bentonite addition 1f P in HBI should be 0,08, P in Cone. should be 0.06.
¥T. Fe inPellets should be67%, If P in MBI should be 0.07,  in Conc. should be 0.052.
T.Feln Conc shovld be 68.83%.

I M. Fe in HBi should be 85%,
T.Fein Conc should be 68.52%.

¥ T. Fe intBi should be 915%,
T.Fein Conc should be 68.52%.
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#-100 Size distribution of concentrate

Size |106-75| 75-53 | 53-38 §38-27 27-13 [ 13-9.4|9.4-4.7| 4.7 | Blaine No
A 0.4 1021128 | 1671293 10.9] 143 | 53 1600
HIPASAM| 4.3 12.4 1 18.8 | 17,8} 252§ 7.1 9.1 5.3 1600
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AR EHERIC RN TO SR, SN, B, (RE
GBIE) HLEIHMEL D> THD, BREGUARL Y METH
L, ThARERESER E7) $LeBILTHaM, FERF
BRI & DREOEW ALy FHE—HBEOH Ly MIE
LoTWe o EMEXS5NS, —BMIRG—HFRINTHNELL ER
REOH ALy MIBEREPEER (87 SLOmcBNTRY,
LA LEFEERE. KR (BT SEBENLANDS T, B
HERENRIND Z & BB D, TIUL, FH--FRICKD. BHHEO
ALy MBS NI EERET A MY TN E L TERL
ﬁﬁéh%ﬁ@ﬂ%«b;b#b@&&ﬂéhtﬁkhh o BN
A% O RER L BRI T LR VESIE @Jomﬁotﬂy
TN OBRIEE S, |

RLy FROBHEOERIHRIEENG (HBORAORR) K
Y BEH EBBITKAEFBINL TS EER 5ND. BANERD
gLy MASEROPICRIT AT O NS &, REICERINTEL

299 .



B Ly RNTE. uukm@wmamxa<mn %ﬁ&dtéoit\
LA Ly ROBRIZED, FHRORLy MAFEREL, AR %L
b%_tBﬁi6h6°%ﬁmmﬁﬁ%mﬁﬁﬁﬂiH%ﬁkb/}b
e A DA UN mbm%Arimvjbm&%aLﬂ< g
FH—Emit. ERLy bORTERER. &Uﬁ@%&k&%ﬁﬁﬁ
OHIEIZ LD, EUBN, BRUFTIIAMMEA. &HHﬁﬁ&ﬂwét
wmﬁmﬁﬁm%ﬁﬁﬁréo‘ﬂot&mﬁmfmm%&ﬂh
HOBLERANEDDEEASNS, .
AT VN Y EFRAEHAR, $+ﬁaﬁ&®ﬁkﬁ<n%
LI TEg— —ERBSEOEIORI ST, Fy 2RI
méjﬁﬁ%ﬁoofv/b%ﬁhﬁbf.%®E@L DTS Tk
~_B,
L @_aémmvénwkm uTmsﬁ@bgraéo
CARRTHB DL
PO DEHRT A E |
CF MR T BT IR A O R

(4 {RWIRER

4230 (2) 2) THR~AEEI. LHOBRBRILIEFTEN,

:@fﬁybm.%ﬁ&%ﬂ3n58\ﬁ@%ﬁ7ﬂmﬁmf\¢ﬁ
2,000,000t & LTFHA > 3NTVS,

BB Z. almijwr m#%éﬂkm?°%&a$
Th. MEHRBAOHIEIE< 2B E LT, HHHIEE 2" AN 5
kaﬁoﬁ®$m789%kmﬁo423a)&)2)b)TL«tﬁ
LMD EEET D, 3 BOSLROKFLEED, THE, B
BRI 7,509 B & A 0 EETYA L ERUERD,

COUHCEL, EANBHES MUSOBBOYEIBE TS B,

300



#-101 Time analysis of actual result and estimation

Items for time hiyear*1] %*1 |Wyear*2| %*2 |hycar*3| %*3
Available hours for praduction 5244.5 59.8 6913.9 78.9 7509.8§  83.7
Stoppage due to Initial stage 399.1 4.6{ 5263l 6.0 128.6 1.5
trouble ‘
Stoppage due to Control system 41,0 0.5 54.1 0.6 13.6 0.2
trouble ‘
Stoppage due to peculiar cause 060,21 1L0 1265.8 14.5 100.0 1.1
for this plant :
Stoppagc due to the cause of . 2115.1 24.1

“out of control”
Minor scheduled shut down 288.0 3.3
Major scheduled shut down - 480.0 5.5
Operating time Yoss for cooling 240.0 2.7
down and heating before and after
scheduled shut down
Total 8760.0 100.0¢ 8760.00 100.(0x 8760.00 100.9

*1: Before oorrectton

2. After correclion by removing out of control stoppagc
*3: After correction by adding scheduted major and minor shut down
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1-37 Tertiary phase diagram
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. H-1  Section of pellet particle

Filling up material between
pellet particles

Chips and fines arc bonded

and they are adhering to pellets.
This bonding part sample
analyzed as Chunk bond in

#-102.
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[®-39 Oxidization test of pellets
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[4-40  Pot test apparatus
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Bd-42 Pellet charging

Gas temperature

upper pellets layer

lcnrer pellets layer

pellets
lemperature

A I

A

MR ALRIRAS
’: 55058 040000*::::::::
Q85885 atelelelete %
e¥eteo%e %% e
taserisisteseselstoisleletelerele
9. 9.0 0. 0.0 006406604,

| I / / '/
Thickness of each layers

upper pelletslayer 2.0 cm
lower pelletslayer 8.5 cm
hearth layer 6%.5 cm

—7

\ Thermo couple

O=——x
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Temp.
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400

200

100

Pellct
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8BS 10 15 20 25 2006 300 400 500 &0
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I e *1:The ratic of spherical pellets over 10mm

_ iﬂ”ﬂ

316




3:-103  Bursting detection

TIKSL1 [KSE2 [KSL-3 |KSLA4 |
Green ball charge (dry-kg) 3.88 3.52 3.79 439
Non recovery*l {dry-kg) 133 802 009 004
Spherical pellets*2 (dry-kgy] 105t 336 344 415
Pellets with defect*3 @rykg)| 090 009 015 0.IS
Chips*4 o |@ykg)| 0.60] 005 01 005
Non recovery*1 % 3428 0571 237 091
Spherical pellets*2 - % 2704] 9556] 90.74] 9452
Pellets with defect®3 % 2322 24s] 398 3.43
Chips*4 - % 15.46] 1.42{ 290 1.4
1.5 minutes temperature . |C 525 360 3715 368

*1:Non recovery=Charged green pellets-recovered quantity and this
weighl loss is due to the emission to lower part through Smm apperture
wire net . ,

*2:Spherical peilels#»c!lets over 10mm and without crack and broken part

f3:Péllels with defcd:pcllcts over 10mm but with crack or broken part

*4:Chips=under 10mm, decrepitacd pieces and fincs
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3 ‘ :

A) PGF-026 775> 034, KSL24 M X KSL2S RUN—AT 4 > Ml
ZhWEER T A M tTab e, (LS B OB 40T L
FY ASEO.6% M5 10.3% ETHLIW TSN, HEHIENS
N AT 4 T RET o Thiaho i,

B) R b by EARDOAER Ly MIEWE FREICRIND
L2, IEEI ARG .

C) IEMBEDS VR VY PEHEBTS I ERTRETHD,
(PGF-033, PGF-034, KSL-25) BHE/s > b A FEATYAT |
A RO&RE T, Si02-FeO-ARO RO HE LR L TNHD
Amans. (PGF-026 to PGF-032)

D) ESFEMREED DR AL v bR 57201214, Yk 12887
15 4} B45F B T LAMLETH B, (PGF-033, PGF-034)

E) 1288°C X 0@ WIEE THWMNTHERT 52 &Iok DMELRO
HEBE DO L LOBEEEDO Ly FEEETE S, (KS125) M
WEEHIT DR IREO K E LN U RTVIYRIEOEKT E b
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BB FEARETHD, SRR SX ¥ LG OREBILE
BT anmok, $isbs, HIPASAM LBIBWTE, Fv U
OB BB R TRV,

F) HIRAEMAS T Sl kD, REAMGES N,
(PGF-034) ZHud, by FORWEROLM CHIETNTEL
HWECHD, AN IATL T4 MBERS N, ENNEART
ERECM T DR REHBRL, by MEEEEFHEHR
LTS,
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Green pellet Peltet
Water conden sation A
\—’4 H0
o, Fumace
Combustion Wales evaporation height
Gas T direction
2 :
Oxidization of
magnetite :
P S— :
o Im2 :
nm 0, :
Cooling Air Gas
{4-45 Simplified shaft furnace Eq-46 Material movement
o between Gas and solid
Pellet
Vater ‘ .
condensation :
- :
Counter flow
heat fransfer i
Water e . Furnace
evaporation height
—_— direction
Oxidization of :
magnetite :
- H
Gas

[4-47 Concept of heat transfer

322




(2) ¥3alb—a kiR
l)méhwk&ﬁﬁﬁﬁ%%ﬁﬁﬁﬁhﬁ >

H%@ﬂﬁ%&ﬁfr mv;b#ﬁx&&M?%mb ﬁx&m
R riaH, ﬁmﬂ@zmm -48- {TSRAN BN AT,
EREYPYEN Hﬁﬁf@ﬁxﬁﬁﬁﬁﬂifﬂwﬁbm XLy O
ﬁﬁ@ﬁﬁ%fﬁﬂ( RIEH WCH S, FHN-- — 7 OER AN
O Licd B, K. Lﬁﬁi%/ﬁx@%ﬁ« FTdhy, Mg g
0%HBLIEHETHS, ﬁl%%ﬁ‘?éﬁ% Sz, HAKUOR
V}F@ﬁﬁﬁﬂﬁj%fmk%<ﬁﬁiéoL®ﬂ$®mV)bm\
B 48-2 IZSRINDHWMODDA A — DTHDH. Ry MMIFEN G K
ETREOBRERDL, JARUGRVY FOFENEMERNTH-TH

OSBRI RIFIC DRI R T A,

2) BUSHO ECOB AR E DR — >

KLy FAE-49-2 IR T KD KRTPER L. EiidAby P
ORIEEAERF v T THD bR, HA L OBRAREHED LI RG
HABZNH TN, RLBHRITHAS, BEHONARTET SR
Ly Mok dGHE2 T ERT S, bLLEBRICRBEZITICR
WEREE > XLy FOMWERD DHA. HARERICEH ER
FH|L, BEAY— RIS,

bL. CORMBVESIZRBITARFE, STHEEN S, 7D
B, ALy FOEK, BEICED. AXBOHRIETL. F LT
TR E R CERERIAHIE L TER Ly P EEMT ST LK
HB, ZLTAL Y FOREEFRNRY - TED, AARETY
HTEC LD, FHAY - YREFESMIS S, MPOFR/IT -
LHREROB AN SRABIA A-VHENS, ARV Y FOR
fizid HIPARSA OHEBOSRHENL TS,

3) KT S OEH

Ty 7' b B t{iﬂi, E-49-1 WRE NS SRS — DR
HHOELTHEINTVS, LMALK-50-1 KUE-50-2 {Tira

323



é%ﬁot#ﬁnﬁ /%fxl%rﬁ%*hThﬁoiﬁbB 1)
TR — &, 2) TRV RREICBID, Yy Y
b%&%@%ﬁ%%b<brm/ EMBERIND, NIMIHESK
EHA NS THNSET S &1, HkLMDéﬁD%#khm
T%xﬁbh&“ﬁéhTM%u%b NP/F®$%E§#K$E
BWTREBS, $¥ﬁ®§<®%ﬁfﬁmﬁﬁﬁwb ﬁﬂﬁ
E%*&Téak%k/?7bwr%m1 2) KRINDBINY -

31 e ﬂ%ﬁm%aomymmz)mna /%Wﬂﬁé
@q&&?%ﬁbt&?ﬁﬁ@%ﬁﬂ@ﬁﬁmbﬁ mmﬁmm#ﬁ
ELF W,

(3) ﬁuﬂﬂ

%ﬁmﬁﬁny /&Wxéhwkm ﬁﬁ %@ﬁx%ﬁ*éﬁﬁ
MDHITB T &mﬁﬁ?&é AR ROEMIL, £

V}b@ﬁK&UﬁﬁﬁﬂRﬁhﬁﬂxé &&ﬁﬂéh%o

¥oTC, TRRVEEELD,

EBICBRWESRL Y bRERZE
ﬁﬂkﬁm&%%#tf%t@kﬁl%%ﬁ&éﬁ% &

324



Air Hot Gas Pellets

> I
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£3-48-1 Heat pattern with high heat exchange
efficiency through the depih
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[4-49-1 Heat pattern with high heat cxchange
: efficiency at only upper level
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[@-51 Dried filter cake addition
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#-105 Induration comparison

HIPASAM HIPASAM A

_ actual design
Production rate (Vh) 57 67, 78
Enetrgy

N.Gas (m/t-p) 27 19.1 0

Carbon (kg/t-p) 0 0 6

Heavy oil (/t-p) 0 0 12
Firing level (cm) 20 40
Descending speed (cm/min. ) 4.7 5.5 9.0|
Ascendin g speed (cm/scc) 96.3 112.1 132.8

|AD 20. 54 20.34 14. 83
Waste gas (m*/h) 49152 57223 50834
Area of furnace enfrance (m’ 14.2 14.2) 10.6
#-106 The results of fuel change
HIPASAM HIPASAM A
actual change

Production rate (/h) 57 57 78
Encrgy

N.Gas (m*t-p) 27 18.0 0

Carbon (kg/t-p) 0 6.0 6

Heavy oil (I/t-p) 0 0 12
Firing level (cm) 20 40
Descending speed (cm/min. ) 4.7 4.7 9.0
Ascending speed (cm/sec) 96.3 87.5 132.8
AD ' 20.54 18.7 14.83
Waste gas (m*/h) 49152 44654 50834
Area of furnace entrance{m?) 14.2 14.2 10.6
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Burden

o - Gas :
A-A' =Maximum {emperalure zone
D=Descending speed
A=Ascending speed
A/D=Index of level of A-A'

B

T o

:)) ,\g L (C
"~ w2 -
— -/_,_,—-—-"-—v--—--——‘_\\‘ R
‘___.—"/7—7__ - \—‘—___-
L e— T T e
| e T T e — —

W1= Furnace width
W2=Insufficient energy supply area
fromhotgas

Dp=Depth of maximum temperature level

{4-52-1 Image of isobaric cusve in furnace

[4-52-2 Definition of positions

- HIPASAM
Energy Energy _
B 18 1
o —~—_c .~ ?) =l €
----------- D Fromhot gas '
From ho! gas —_— Eion
From magnetite oxidization From magnetile oxidization
A A A

Carbonaddition

At

{4-52-3 Induration energy
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B4-53-1 Bird-eye view of index feeder

Driving chain for

No 11 conveyor bell Frame for No 11

Y

.......................................................

.

Motor for
driving

No1l
conveyor belt

Driving molor of frame
for No 11

Driving molor of buggy common
for No 10 & Nell

[4-53-2 Plot plan of index conveyor

336




(D BIHAS U PO

BORE T RS BHNG | DRELSMEATHS, 63.1 O

(5) -4) . RUN-38 22O L,

ZOMEORROIZDDOFNL,

- LR DT D, L |

- ®-38-3 IRANB XSG, $/ebb, BPRCHL T, K
% B - e IS, SR B A B T ETHB, ThIFEIK
BEY Yo7 AP T A DBBETHS,

(8) HBI ZHEAEA X NI-REOHASA B RBOUGE

HBI B2 N S OBBTH S, HBI NRHBINDE, B
Bledh oy y T n—F—-ho0ETFTOEHRT, £2<OHBI NEEINS,
WMEDT L — 2 TEABNEF 2 — > TRANE 4 DORy N— 2
ALY 7 ha—F g YT BBETHS5 ®/-54) . JOHMOLD
Y LA EORERMT B 2 ENREE S,

£4-54 Soft loading of HBI
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nm%%ﬁmﬁﬁoﬁbﬁzwtwfﬁé DT T 7 EFIZEE
B HROBEOBEI TR THWHLOHMENRH S,

(2) 4 DO DEERE

E4sk\¢%4%§&@m¢®%%&mﬁo

L1 million-Yyear ZAETET BTk, #4762 h OAEKT, 3 HOFR
WEET BT 28D, M0 1FEAY VNS Lish, DED, 3 FO
B, 140 FORST. 1.1 millon-gcar O BEASOIRE 15 .

B4-55 Relatlon between annual productlon product rate and aya!lablllty

kt !year o =9

1450 o e ‘$ 4 Furnaces with 62 Yh

1250 —- pertae !}/:ll;

1050 rE S p L=l 3|Fumaces with 62 ¢/h
850 a c}// 1" ~—-=—-- 2 Furnaces with 62 t/h
650 I/ = o SETEL 2R 3 Fumaces with 57.4 th
450 J— e PR S

50 - :

40 50 60 70 80 90
Availability (%)
Definition of availability(Av)

Annual net producl:on hour

‘Anaual catendar hour- -major and minor or shut down

Ma;or shul down dogs not include relmmg time of brick and modification
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(3) AERIRREERER

CDAY T A DIDIT. RHEE T2, T L TEHSRERFOEE
%##-107 2”7,

#%-107 Estimation of operéﬁon time for the study

Item - ltems for time hiyeartd| %*3 |hfyear*S} %*5
No. | ~ .
1 |Available hour for production - 7509.8  85.71 6077.8  69.4
2 |Stoppage due to Initial stage rouble 128.6  1.5] 128.4 LS
3 [Stoppage due to Control system trouble 13.6 0.2 13.6 0.2
4 [Stoppage due to peculiar cause for this plant 100.0 1.4 100.0 1.1
S [Stoppage du¢ to the cause of “out of contsol” ' ‘ '
6 |Stoppage due to special cause*d 1000.0{ ~ 11.4
7 |Minor scheduled shut down 288.0 3.3 576.0 6.6
8 [|Major scheduled shut down 480.0 5.5 480.0 5.5
9 |Operating time loss for cooling down and heating|  240.0 2.7l 384.0 4.4
before and after scheduled shut down
10 |Total 8760.00 100.00 8760.00 100.0

*3: Refer to Table-101
+4: arrival delay of spare parts, delay of fabrication, etc.
*5: Time distribution for production plan in this study

(4) FPER

C B/STRENDAL O, 62th OEEEHMETHS S,



(5) DRI XL v b E i BE i~ L k

EL5DR Ly l‘iﬁ‘?iﬁ*h%f)\@ by Fﬁilﬁﬂ)ﬁ!fiﬁ\bhﬁﬁt&b

SHl, “OAYF T &LT—Iﬁbﬁa)cfbéﬁﬂﬁ

wE, R-

108 izm

T BBy bl mmmﬁvmﬁﬁﬁwv%am%fﬁﬁbto
SEUR AT IO B 68.7% & LCHBL TS,

%-108 Raw material and chemistry of product pellets

‘|Conc Fe=68.7 ConcFe=68.7 |ConcFe=70.0 [Conc Fe=70.0
Pellets for BF  [Pellets for DR |Pellets for BF  |Pellets for DR
Bentonite (kg/P) 10.0 R 1q 10.0 10
Dolomite (kg/P) 72.0 39.0
H. Lime (kg/P) 6.5 2.6 .
T.Fe (%) in product 64.1 60.85 66.6 68.1
Si02 (%) in product’ 2.3 2.3 1.4 1.3
CaO (%) in product 2.8 0.32 1.6 0.3
MgO (%) in product 1.5 012 0.9 0.1
C/S 1.2 0.14 1.2 0.3

(6) MAHFH{L

§-56 {3,

EZ XD EEITE N,

1989 4 DA BIORI RS E T, WILITREE,

(FVA > ORBALERER 67.5 vh, FREE

H 312.5 ¢, 4 ¥ERET S0kWhit-p Effszdhs, Y1 a k7
CEL ToOHEENho 20T, %Eﬁ*%&ﬁmm)
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B-57 13, ZOEIRZERLTHED. IR H04972 0 ol 62 vh,
Bl 85%, 37, HEE 1.1 million-t OB, JHNURLEK 60 kWh /t 2 fE
EEIND.

AT 4 Dizdid, BF ALy MEHIH L, 60 kWhip, DR <
Ly FIEICH U CRISIMIOBP N & YAV A DRSS
T &M S8 kWhitp LIETEDTHASD,

341



4-56.
kWt-p

Aclual ‘resulyof clectric uni’tipopsumgt;ign

X

85 | X

80 | X

75 | Xx¢

70 } X

60 - L 1 1. i L L L
40.0 45.0 50.0 55.0 600 65.0 700 730 80.0 85.0

| Availability

B4-57 Estimated unit consumption o
kKWh/t )4
85 - !-——— R -
t . M
80 -—— S L\T-:)f_ N FO
- - z& X e
75 -] e s oo,

‘ﬁs - X 2 F:lrnaces with 57.4 th

70 —_ CL\; e |
g “A 2 Furnaces with 62 t/h

b \cf‘“““‘“-—q '
60 B S <l:_‘“n— 3 Furnaces with 621/h
s | ) b "9 - ©  4Fumaces with 621/h

50

40 50 60 70 80 00
Availability(%6)
Definition of availability{Av) .

Ave Annual net productionhoyr
V=Annual calendar hour-major and minoes shul down
Major shut down does nol include relining time of brick and modification

—————. e e e e —————— s e e e i e ek
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R AVERS T AEDIC, B RY YRR BT EITLD,
PR ARBEAMES 2B T EMTRENL D, ERLy PRSOBSIR
iﬁé‘&’&'m’)‘"ﬁéo I
ﬁ.ﬂﬂLBﬁbT BF ] UK DR fﬁ«\l/,z FOHEATL., FERARE L
LEUS, R, R-108 OHH 68.7% ZX—A LTS,
$%-109 13, RREBE &PMF— HERT. b— bRY -2 ORE
kB I AREOETZL TR by FEXDEAAHBIS NS

B % RE U T T

flaniz,

#-109  Unit consumption

BF pellets inf New BF DR pellets

HIPASAM pellets

Bentonite (kg/t-p) 15.5 10.0 10.0
Dotomite (kg/t-p) 17.7 72.0 0.0
Silica (kg/t-p) 6.8 0.0 0.0
Hydrated lime (kg/t-p) 0.6 6.5 O.q
Waste gas temp (C) 280 180 180]
Heat loss by waste gas 99 59 55
{mega cal /t-p)
Decomposition heat ) 23 0.7
(mega calft-p)
Green pellets moisture(%) 11.0 9.3 9.3
Heat loss of water 74 63 60
evaporation (mega calit-p)
N.Gas consumption (Nm’/t-p) 27 18 15
Carbon consumption (kgft-p) 0 6 O
Total in duration heat (mega cal/t-p) 239 220 200




%113 Concept of the shaft furnace operation
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4111 Comparison of MIDREX, HYL 111 and FAST MET

MIDREX HYL Hj FAST MET
Product S
Type 5 HBI/ DRI HBI / DRI HBI/ DR1
Tolal Fe (% 90 to 94 91 10 93 8610 52
Metallic Fe (%) 83 1to 89 8310 88 80 1o 87
Metallization (%) 9210 95 921095 219
Gangue mincrals (%) 2010 6.0 20t060 4.06t0 80
C (%) 0810 1.2 12 1.0106.0
Iron Oxide
Type Pellet / Lump Pellet / Lump Pellet feed
Size {(mm) Pellet 9-16 Pelle 9-.16 |<0.044 morethan75%
Lump 10-35 Lump 10-35
Operation Parametet :
Iron ore {t / CHBI) 145 145 13
Nal. gas (Geal / +HBY) 2.6 2.8 0.6
Coal (75%FC, 1 / t-HBI) — — 0.35
Binder (kg / t-HBD) — — 2.6
Electricity (kwh/ +HBI) 130 90 50
Water (m® / 1-HBl) 1.5 1.8 L0

{Source : MIDREX repori)
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¥ik}-14  Specilication of DR Grade Pellet

Specification - | Commercial Product (as an example)
Actual |Desircd C L S K G
Chemical (%) E L : L
Fe >66.0f >67.0] .67.8| 675 674 6722 673
Si02 + AbO3 <3.5! <20} 145 © 1.20 24 30 19
P <0.03] <0.02] 0.02] 0.025 0.05 0.019] 0.024
S <0.025| < 0,015 0©0.004f 0.001 nd.| 0.005 0.004
Ca0 L 0.89 1.05 0.8] 1.6 1.5
MgO L - 0.78t 0.75 04| 017 0.3
TiO2 <0.35] <0.15 nd} 0.18 n.d. n.d. n.d.
Physical o _ _
Size G - 16 mm (%) >858 >90] 873 92 90 94
- 6.3mm (%) o <40 14] <5 1 1.5 4.1| <5 0.15
Compression str, . . : : ‘
Average (kg) - > 200} >250 300 270 300 340
< 50kg (%0) <5 <2 '
‘Tumble strength -
> 6.3 mm (%) >94.0 95 95
< 1 mm (%) <3.0] 4
Metallurgical
Linder (760°C) N
Fire (< 3.3 mm %) <3.0l<6 219 <6 1 <6 3.68
Comp. sir (kg) > 50 90| - 78
Metallization %) >900 91.2] ' 90.9 95.5] 91.4
Static bed reduclion ‘
with load (815C)
Tumble (> 6.3 mm %) > 90.0{>3.3 99.5
Clusicring none
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ﬁ'ﬂ-ls Typical Characteristics of HBI

Typical Commercial
_ A B C(DRI) D (DRI)
Chemical (%)
T.Fe 91~93 93.2 91.3 93.0 1.4
M.Fe 83~88 86.9 82.3 87.38 81.96
Metallization 92~95 93.3 90.1 94.0 89.71
C 1.0~1.5 0.4 14 2.0 1.94
Si0, 2.0~3.5
ALO, 0.5~1.5 _
Ca0 0.2~1.6 4.5 3.9 3.5 3.4
MgO 0.3~1.1
MnO 0.1~0.2
P < 0.04 0.07 0.13 0.035 0.018
S <0.015 0.008 0.018 0.003 0.001
A% <0.2 n.d. n.d. n.d. n.g.
Ni,Sn,Zn,Cr,Cu trace n.d. n.d. n.d. n.d.
Physical
Bulk density (1/in®) 2.6~2.7 n.d. 2.7 2.01 1.7
Aprt. density (¥m’) 5.5 5.3 5.1 3.23 2.85
Nom. size (mm) 30x60x90}30x60x90134x61x97 n.d. n.d.
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