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On the Highly Oxygen-Enriched Blast Furnace Operation
Utilizing Top Gas for Ammonia Synthesis

Takaski ORAMOTO, Yoshinosuke TADA and Taku SUGIURA

Synopsis:

In order that top gas of a pig iron fblast furnace can be utilized for ammonia synthesis by itself,
oxygen content of the blast should be enriched to about 50~-60%,.

It seems that there has never been any report on the industrialization of a blast furnace by such
highly oxygen-enriched blast.

The authors have succeeded in the operation of test furnaces and an industrial furnace by such blast,
the results of which are reported in this paper.

As the results of test furnaces, blow-in of the cleaned top gas through tuyeres together with the
blast or injection of heavy oil was adopted to lower extremely high combustion temperature in front
of the tuyeres and to increase the volume of ascending bosh gas.

The industrial operation was successfully continued for three years and ten months at max. 55%
oxygen in blast and produced about 90 000 tons of foundry pig iron and 134x10%® Nm? of effective
gas (CO-+H;) equivalent to about 60000 tons of ammonia by the time of stoppage on account of

change¥of ammonia plant.
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Fig. 1. Tuyere of the test furnace.

Table 1. Condition of test operation.

Blast
Tuyere dia.
Velocity at tuyeres
Total volume of oxygen

16~25 mm
60~ 130Nm/ sec

in blast 120~170m3/hr
Oxygen content in blast 40~55¢9,
Blast temperature 10~40°C

Volume of top gas blown
into the furnace

Burden
Size of sinter
Size of coke

0~100m3/hr

3~10 mm, 1'5~3 mm
10~20 mm
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Table 2. Examples of test operation data.

| |

Test A B | C
Period (days) 55| 53] 47
Blast
Oxygen content in enriched ) . .
blast (%) 39°0 | 57-0 | 54*5
Air (m3/hr) 310 | 143 | 158
Oxygen (m3/hr) 92 120 117
Total oxygen (m3/hr) 157 | 150 | 150
Top gas blown (m3/hr) 0 0 90
Oxygen content in total blast 39-0 | 57-0 | 41-1
(%)
Temperature (°C) 14-3 | 23-4 | 233
Charge ( kg/t pigiron)
Sinter 1528 | 1565|1530
Coke 2100 {1952 | 2452
Limestone 346 | 421 | 484
Dolomite 127 | 116 | 149
Mn ore 51 47 55
Pig iron
Production ( kg/day) 2428 |2373 | 2287
Analysis (%) C 2711297 | 3-01
Si 736 | 5°26 | 6-34
S 0-041} 0:076| 0-045
Top gas
Production (m3/t pig iron) 5356 {4059 |5 281
Analysis (vol. 25) CO 54-1 { 66°5 | 65-2
H, 301 49 50
N, 37-8 222|245
CO, 48| 61} 50
O, 01| 01| 01
CH, 0:2| 0-2) 02
%CO-+9%H, /%N, 1-51| 3-22 2-87
Slag
Volume (kg/t pig iron) 705  771; 866
%Ca0 + %MgO/9%Si0, 1-40] 1-32) 1-51
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Profiles of the highly oxygen-enriched blast furnace.
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Table 3. Comparison of low shaft furnaces.

Yahagi Iron Co. industrial furnace Lisectry | Oberhau- Gerlafin-
- 1ege 8 15)
. sen gen
Campaign Nol A* | Nol B* | No2 No 3
Oval
Hearth dia. (mm) D 2 580 2 580 2 400 2744 11200x 2 400 1500
3 000
Throat dia. ( mm) 1 800 1800 2 000 2 100 4 2200° 1 500
Working height (mm) A 4100 4100 5530 5650 5620 5700 2700
h/D 1-59 1-59 2-31 2-06 2-88 2-37 1-80
Working inner volume (m?) 165 16-5 275 39-6 20-8 33-0 4-8
Total oxygen blown per unit |
area of hearth (m3/m?hr) ] 258 259 520 : 406 490 485 226
Coke burnt per unit area of ! :
hearth ( Kg/m?hr) ( 407 414 867 | 680 808 700  |{Coal 546
Pig iron production per unit of . . . : . . . .
total inner volume (t/m? day) 1-37 1-51 2-57 % 2-69 2:07 1-12 120
Velocity of top gas at the . . . . . . .
throat (Nm)/ sec) 0-68 0-67 0-94 1-00 0-78 0-20
Velocity of top gas at the throat . . . ) .
at top gas temp. (m/ sec) 1-39 134 1-93 2-57 — 1-76 —
Temp. of top gas (°C) 285 276 290 430 — 619 —
Oxygen content in enriched ) . . . . .
blast (%) 536 50-2 55-7 33-1 264 30-5 40
Oxygen content in total blast 330 33-9 351 98-0 -
(%) B o
Temp. of enriched blast (°C) 65 61 65 570 773 641 |atm. temp.

* Non-fluxing sinter operation
**  Self-fluxing sinter operation

Pipe line or belt conveyor

—o-O- Control line, indicator , recorder, infegrating
meter or regulator

00000600

00000000

12

PP

[s208:1¢, 383

1. Air 2. Oxygen 3. Cleaned top gas 4. Temp. conditioning water 5. Cooling water 6. Gas washing water
7. Humidity conditioning tower 8. Blower 9. O3 analyser 10. Furnace body I!l. Dust catcher 12. Ore and
15. Gas cooling tower
washer 17. Mist separator 18. Booster 19. Gas holder 20. Blower 2l. To the chemical plant.

Fig. 3. Operation control system of the highly oxygen-enriched blast furnace.

coke bins

13. Indicator of revolution of charger
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14. Stock-line recorder

16. Theisen
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NF T BIER T A DUGAIR IS K2 k2T T %
LB DIDT, TOMDIFKRIC X B RTEE &
SIZHAERTF D ORfIE D205 2 DT db 5 BB H A
BHDIUEI B XV EWIRETITE L. Lidis T,
W2WPF DRSS WCFRSE I REOE T, Bk
Wt K X 2> CHAERS R R L ORISR T2 L 5o L
7o Ixds, B Xk W CFERIOES % 2 BRic L
DL, RO NF bt BEEI K5 <.

Table 3\ {PHRGETTA ST D W CHLODIEEE & el LT
R

4-2-2 JRRI K

BIREBREELEIIGZICEWT, NoX ooy
Rk LIF R OREIL AR S 7212 id, RN 2 DRGAZL
IREDTFRERVSD Z EDigiig, SR 1 5 ks
o BYF K & LT REHR A iR 0 (158 D A T i
FAMXMEZREZ EDFNTHBEE LT, Bl KFE
FIUEZ RF BV TIRISIED SERIC W5 £ TH
fllich —H> - Toy s (ESHHE 500 mm, 5@ 400
mm (B 1 J4F), 490 mm (35 23%4E), Fpg_ s 200
mm) %, ZOSMAK v+ E v NERLKERE (B X FE
720 mm, I 230 mm) Z{FH U CEIE D 2T 07,
LOBEELFES I OCBIBCR VT, h—F -
Ty oy ®y MERKERE & OB R EIBE Y P8k
DB TR 2L EB I —F - T oy 2D ED
2R <7D EE LS, LEO~TEREE L7-0T,
BRERE S E LFEIC R VT 1250°C, BigfiEc
FWT1000°C &7c b, ZBMELRRIZZNLH 1200,
3 000 kcal/m2hr J2EE L 7c-D7-.

IR THLDTHEBEREETELRE ISR T 54D
W MNP R A OIEEREENII & L fTleble D7
H B 2 AR DB DR BV CTEIIEIIC AL B A B
KUTHAL, TAOREL SR FERIBESEOT
BER-o/ EERMREEOHR, L~ F U rbE
EAERBEE ST, LB WA EIE D
Wi BHOTH—F - T oy 7 OEERNEDEL
PO DT, BIRFPCBWCRERC S — K> - T o
y VAT Y v € v MAMXERLOA & LIBRAS
DR %27 s, FELT O X WEE 2 R\ o
FESIREMHERA LA T B2ZRERIUCESIRIFEC
BT, FERLICH—F2 - Toy 7ofb i
B—R s 2L TEREN ,

ok, TINABKEY Y w34 MEABRES, T 7-542,
FHEEB LORANBICK TSI —FK2 - To v 2 OHW
BFER P < 7o D IR K EEBE MR % IR TN SR> 7o

4:-2-3 sk asE

HEFUREDILE IR 5 BB T 2 & LT, @
FEILREBSRE #7253 1/2 BEEC, 580 13kikiE o
AR DU BN D WASERBSEIE 7 2 ThHo T,
INLOEEF AL E=FEERLCHD, BE
ELEBEREFE T 2 B THEI RS © 213 i o
oo Tihibbh, AFH R, TEZTHEER, Pk
P, BRI H 2 P EICE U T, CO+Hy/
Ne=3 #T#& OffEEIC F% LIETE S 2468 L iFhus7c
59, FBEOMHATERIC LN EIN SO 7.
ZER BRER LT OATOMRENREOK T OBl TR
RLPEIRA 22 570 5 AR LoT1BR¥T 5 84
I, EALRREER, BILERMERED L VITTERY 2
DIRAHEVLEET S 2 L1k, F AL OTm BN H
B0 DT <, 1BIF S TI0RTHRELE BE IR N D YA iR
WL EDREEELSE, N XLy, FRARER L
DFEREBL Z LW D, Jok 21589 5 X 51080
BESRIREE | %02 v T OB SRR B IR I o) LT 3% A,
MWEEE LTIEE 65°C OZ Ic AN T2 8% 5 2 5.
LOTHIRD X Sz, chS3BEOERAOEDEDOD
MEZEZ TR T 57500 TR, E0E SR ks
FUER T 2 DIREILE S HEHIEITE 5 X 5 i sD

(A} Compaign No 1,2 200‘;‘5 Ozbgr;rriChed

Fig. 4. Tuyere of the industrial furnace.
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Table 4. Examples of industrial operation data.

, No 3
. No |l No 2 No 3
Campaign Cold blast | Cold blast | Hot blast | (I X5t
Period, data obtained (hr) 96 96 48 727
Blast
Oxygen content in enriched blast (%) 50-2 55-1 33-5 26-0
Air (m®/hr) ) 700 2410 6 150 6 460
Oxygen (99°2~99-79, O,) (m3/hr) 1 000 1 860 1120 440
Total oxygen (m3/hr) 1354 2352 2 403 1795
Top gas blown (m?/hr) 1 380 2 440 1 300 0
Oxygen content in total blast (95) 33-2 35°1 280 260
Temp. of enriched blast (°C) 61 65 570 620
Temp. of top gas blown (°C) 64 68 83 —
Analysis of raw materials (%)
Sinter T.Fe 54-39 56-91 54-23 57-4956-65 61-73
CaO 7:20 9-61 10-43 7°77/8°19 1-48
Si0, 10.99 744 7-62 8-03] 7°45 8§24
moisture 0-75 0-76 0-75 1:55 076 075
Coke V.M. 1-24 1-59 1-51 1-12
F.C 8466 87-12 87-44 87:76
Ash 14-10 11-29 11-05 11-12
moisture 4-16 4-29 4-05 4-04
Charge  (kg/t pig iron)
Self-fluxing sinter 1709 1627 639 10171509 135
Coke 1 336 1033 872 660
Limestone 293 0 0 0
Mn ore 39 13 9 12
Heavy oil 0 0 0 80
Pig iron )
Production (t/day) 36'8 871 106-5 96-4
Analysis (%) C 3-79 4:06 4:04 3-98
Si 2-72 244 2-47 2-27
Mn 0-48 0-55 0-50 0-49
S 0-04 0-02- 0-02 0-03
Table 4. (Continued . . e e e
able % (Continued) i EE AR bR R Fig. 3 SR 2 38T B
Top gas | i DL ORIERARTH .
Production(m?/t pig 1ron) 12952 |2 144 {2407 |2 405
Analysis (vol9p) CO 596 1 59-5 | 404 | 32-4 4-2-4 ] O
H, 1.7 33| 20! 2-8 N T e R R -
002 103 13-4 13°7 119 nﬂgﬁbjébﬁ}zﬁ Lﬁ_gqml’jﬁuﬁ_ﬁ@&jﬁ bﬁaﬁﬁfifﬁb@%
811211 28% 2(?;2 43515 53513 DTHD, PFARAPLHFEK THZ LB LEFELE H2720
4 . i ) ! ' il b 1 > Ny
%CO + 2% H,/ %N, 2-18 1 2:66 | 0-97 | 067 T, KB WTiE Fig. 4 A, BerdXxoie, k&
(=] ] =5 gy
sl perature <) 276 1 200 | 430 | 360 gmemokpE s UCIER A 2 OBMHEBER LTS
Volume (kg/tpigiron) | 709 | 374 363 | 325  LWENEEZS5X D&5 BiEEE Lic. /7 Al G5
Analysis (9 CaQ 41-03 42'81 4072 4469 -
ysis (%) Si0; [34-41 134-85 133-9] 34-89 B, mhkELZALFNEDEEL, 2RIF), 5 1118-8
%Ca0/%S510, 1-19 § 1-23 1 1-20 | 1-28 27y LABEESRF) & Lk, TIOf: 8@, PO

Definition :

Orygen] =Enriched blast

Top gas blown
Total oxygen blown=0Oxygen in the industrial oxygen gas
+oxygen in the air

HEEHEEEZRA L

ik, GHMEBRER: LTRERLEO T o7 —% W
ELT58, ZOERFREEWTIRINEZET S LD,
R, BEINCNRERAERZE LOLIRS LEF
o7 7 —CESEERT 2 HNE L. Fi, ZER, B
Z, BRAREDIT, To7 TRV AHcREEEs
WTHF K GERNSIE 20°C) 2880k 5 2 2T X b

] =Total blast

BEL, 2®RFIIVT 60 mm, 3 ERFiCVT 67
mm L, POty s EEX 80~100Nm/sec &
L.

WA WIBRET BT, BRIZObIKZT - 7
b2 4 XHROBERMVGAR ZFTIE D705, BiMREO~
50°C, 1 4~5kg/cm?, TR ES 2-5~3'5kg
JZNVHE Zmm &L, AR LAY 11/
minf2E LT OERZIRAAT.

4-2-5 ZEF

B3I RFHEC IO, BILERLT 2T L CEE
R EHbd THRRALEBEIRECEIT Led’, ElbakE

[/ cm?,
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BERIBEE X 35% BETH o 72 07, EIIEFES
600°C Itk X XD T & &L, &BERBABEY % A
Uiz EEERANE Omm, HE 3mm, #i1EL T
iRk SUS 41, rhRficix SUS 27, {®iREficix
STP 38 % H\, {ZBAEHHITAE 290m?, FrhoE (%
FoO#EEXY 8 3Nm/sec & L.
4.3 REME

TP ER 33 £ 4 ARANLE, BN 37 44
ARIEDIEDET, B 1LR»LHE I RITHVEEH
SEIOARMEEL, BEEFI9OA t, FEhH R (CO+Hy)
¥ 134x10°Nm?® (7 £ =7#EH6TTt) ZHEEL
7o ZOMITIVT SRR O HEZ Table 4 w773 .
FrhiE 3 IREIT OV T, FRVGAL DR D S22
BEOHBRLTH B, BRI OHE 3 KITH»ITC,
B, EWmoFR ARKGEAZORD, BiEfEtRo
BN, A7 SERES XICEABORBS L ST XoTa
— 7 ZRIERIET LTwa.

5. & 2

5-1 £XEEBREEIPOANCHSIIIBRBESE
SRR

RN 22 ERSET G 3 RIGEOHELCIERLY
WEmE) PAarbELERE &EDCRATZ LT XD
THRRABECSEE RS 2L L, »DoLEE
HARZ WEMLT FRO REANERD EMEX o2 &
723, EOBREBRELERI X 5LEHREL T
Lk b RERBERTHE EHF 2005 FEIADWE
ERALOGE, FRELRELSE S DOk ARE
IREGEE LG WHEOBHECIT 30~36%, B{b:EE%
{9 600°C 1T F B L 45 A1 1x 26~30% 3 bl LT
WhHZEH, EFFEEORBRNSHL» LD, T
NEE L UCkMEERIRE LTI O T OMEIRE & O
HBRIIESLEZBLXLNDDT, HEFOEEEZIMZI .

¥, DTl % T o arEE iR seiR B o5, W
DX 5 AT ES W TIT RO /2.

(1) SkoFgEostEicis, Moo CO,
O;, Np EHRAEFEHT D2, fEERA 2ho CO, H,
REMICSIEVWOT, ThbbhRRLEYEHE oD
D& LTEELE.

0-302+0-000022 ¢
(kcal/m3/°C, ¢ iX{RRE °C)

(2) 33— 2hoCHRIERE THET T 5MIFERN
ERFT AL I DTCFHENS-DITHEE LTiFLAE
NHEEE, Ravv OFIOIZHEL, 0°4%0°75 ¢ keal/
kgC 9 5.

7272l 04 : CoVigts (kcal/ kg/°C)

tc : BLAABEREE (°C)
075 ¢t : COFHGEE (°C)

(3) FEEIIWTFhOEESITE T LBIERETH S
ERE L, B R OAGKR DS IR X B IRBIER L
v

(4) EEARFD CO; i3a—2x2thd C Itk h
(DRZHEL>TLEBCO L L BLDLETH. 2L, &
B2 CO, H, XZ(L L.

CO+C=2C0 «++eeormerirnieiciiciicie e (4)

(5) Hmoflkz C=86%, H=129 L ¥ 5.

PLED X S i icdic, #ERELTE SR AR
PABEIREE DT B T v A3 B 2 43, M A o1
XDl ENTEDLEXD.

5-1-1 fFIAHN 2 OTEERVGAL OB &

TIRHIE T, I —22b0Ca%ERTD O iz ko
TCOFTHEETDDDEL, BERELTIEI -2 2
ROIKS, 5L OFEEERTE, ANt ojTiRic Ik
D&, ZIZTHEET S~ 2tho C lkg (7275 L3k
BpD O ERIGTSH C lkg wHMe L L, BRI R
D COx WX b ()R> THESIHh D Clas s
T5) T LTRD(S)RAELT 5.

V% (0:3024+0°000022 ¢t5) X t 5 +2 445

22-4
=V x (0°30240°000 022 t5) Xtg ---evenr (5)
foiE L, Vot £%HE (m3)
Ve tEpH 2 (Koo - ) & (md)
tp X AIRE (°C)
tc : PIFABEIRE (°C)
COz t 3% hp CO, (md)
2445: 3~ 5 2D C D CO ~DkEEEL
(kcal/ kg C)
1709 : 2 —2 2o Cop CO; & DR JHER
(kcal/m3CQ,)
O)KIT L 2T, FHEURE, £XBREEEIRE & B
BEIREE & OBRE kDB & Fig. 5 DL d5ic/ksd. @
HER AV KGR I O-E 0% BUIREE & FISRBEHREE & ©
Btk dhitiBRIEMEEL O°CHR) OBEOLEREE
RIREE L HGRRBEIRE & OBRTH Y, o0 5 Lk
By, By, By, Bg REhtheFmdo CO, #5 0, 2,
4, 6% DHBACRHTHLOTH5. Fiohii C13fEE
Bt (600°C F2) DA D45 R EERIRE & Bk
WE L OBfRETRL, iR Co G lIThFheikmd
D CO; 52 0, 2% DEEDLOTH 5.

—1nmcor+o4x075x04{x5x1§9L)xm
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2 500

(°c)

2000

Theoretical combustion temp.

T
|
|
|
|
|
]
!
!
I
|
|
). S
o]

| 500 1 I 1 1 1 i !
20 2 40 50 6C
Oxygen content in blast (%) i
L 1 I L 1 I I L 1 1 I I 1 1 1 I ! 1 I :
600 700 800 SC0 1 000

Temp. of air blast (°C)

Fig. 5. Relation between blast temp., oxygen content in enriched blast and

theoretical combustion temp.

Table 5. Range of oxygen content (vol %) in total
blast of which the theoretical combustion
temperature is equivalent to that of hot air
blast at 600~1 000°C.

CO; content in
total blast (%) 0 2 4 6

Cold blast (0°C) | 28~34 [29:5~35|30-5~36[31*5~37

Hot blast (600°C) |21~-26-5(22~27'5] — —

WE, EIFICBT SRR BOEGA OB O BIRE
#E% 600~1000°C X3hiE, X5 Zh & HERmREE
TREE D% L2k IR R IREE O#iB 25k % & Table 5
DO D. HBEEHCINISERDD CO, 1IF
1%, H2WIEE GAR) KR\ Tivd % o3 RiEsE
(EELY 600°C)1ImBWVWTHY 2% THBDT, T bAe
EEERERESENEH 30°5~369%, 22~27'5% 0DY;
ACBHOBIE EE LWIORREEER2 D2 LITk
5. LH LT, FiEFoBSCEEEECK T ERE
BEi: 0°C Gld7n <, 60~70°C Tdh D &\ 5 EHDEN
BN, SRABERESET 30~36% T LitDlE L
I —FHLTVv5. %7, HhEOHEITELRIEEI26~
30% TR ABEBRESETE VO, £& LTEILE
BOLEFELUERTN 22 FEL LW LI LF
265, O LILEDERITE VT, TOMRME L
@I BT R OXAIREHRF O 600~1000°C &

WOED—SOBEETH Y, EikBRhic&ER T 5KE
KBEZ2OWTHEETHULEEH 525, LR
ARz L T AT L DT, FELEEIE D DI EEE
¥ b R0 X 5 sk EERRIRBER ICHER T B 0 3808
HHHEEY, BHEOEFE L OTIRETOERRERE O
W DT D BRI ST A N TESLLEEXD.

s, AKAEREIRE LA Si SFE L O/
iis D EECECHBERMEGRS S 5 DT, EETIE
BT 5880 Si EHRZS LT EROEXEBERER
EH#ENOREZBIR LTIERELX.

5:1:2 FMWAL DHE

B\ ok, Ka, O, N, S, RS S ORE~E
WL, BDROFEEN ARALOBE LR (6)A%
BT, REAEE, XEABRRERS XCERKALEL
TERIREEREE & OB A kD5 LFig. 6 DX 515 %.

Vg X (0°302+0°000 022t g) X £+ 2 445—440 .

X
. . 1
><0_86+0 4x0°75x (1—x) Xtg

— V% (0°302+0-000022t¢) Xtg +oreeeeer (6)
7L, R I 2BIVEMHPOCET 1kg ©
WTsbhoThHh, EihhoCo CO~DRREEENT a2 —
5 A LRA—THBE LIz
A,
* P BEOWASE, PONETERBED Oy ik
TS0 — 2 2k XU ERG O CoFRHTH
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2 500

tech

2000

Theoretical combustion temp.

1 500

Oil ratio =

C in oil injected

C in coke and oil burnt
in front of tuyeres

. \0

|

L ! ) I | ! 1 1

Oxygen content in blast (%) H
|

40 S0 60

| 1 ! { ! L 1 1 1 J

800 200 1 000

Temp. of gir blost (°C)

Fig. 6. Relation between blast temp., oxygen content in enriched--blast, oil ratio and

theoretical combustion temp.

TE5EHMFOCOEE

440 : B D4 fiRBL (keal/ kg i)

R rhph#R Avx Fig. 5 & [IFRIC Z2EGE B DSBS D%,
TREE & HRERIRBEIREE & OBIt%, his B iXEEEE{L(600°C
FE) OLREOEMVGALR, KA IRE & EimE
IRBE L DRAREZRT. B & RBRICEFIC 313 538% 0%
JREEEIE 600~1000°C X &8 UV EERMABEIRE A &
EABEERE R, BEIKGALRE 01 DIFEI >V Tk
5L 23~29'59% Xin b, LTI 3 \EBEWGASR
E 0°07~0"14 D& & O ERAEBEIREOER 26~27%
LIEE—FH LT3,

52 HREBRER

PR TSI LT, FIEY X OIEERVGAZL D
WERERD LMD Tibb, FRERIKET
FEINTVWBIBEINE, WAA TR EFERAT XOHERK
BR—Tdv, RbEMCEINL, HEMCKAZR
P H R DEFEOHMETIRTE» SEHEEh, Lists
T, FREEFEPLHBLTERLTWL 252 L
LTE%. Lo L, AN IEDROBEGIREIRE D
HRBWTHAEHR LA S, 2% EbRATNIE
EHAFD CO, WP ARIOEIRE CHET — 2 2D(F
T HEBE X DEETORETEET e ELB L1

FEhisv. bbb, YOoARH 2o CO; X, %M,
P OKEZ L FIRCTIRFIO®ERS T ()R> Ty
Ba— U2 RIELTCORLERL, T—2 2 EEMbp
D Os BB VIR EDRISIT X D TR LA-CO &
BT 2EHBEXBRETHSS. Lo LT, (H)ROK
JERTIRRT TR 2E, 2h & (7)) Xk FeO 13ES
fEBRZRELTRT) ¢2MI3:8R8)RDL 5iC
0, TRIEZGREERETCAK O TEBSET SN L X

FeO+CO=F¢+COz e (7))

FeO+C=Fe+CO - oovvemieininiacniini (8)
SUWKEREES. Ink, ERAZGDCOR X Hy iT
B LT, fRMCEDEETINFioEREs Ei1+5
LEZS.

Table 6 /3 THALIF DIFERED HFE Lo E S
DRERICIEDSE, HAETLE (CO KXV H o X 553
ToHE) IO 1t Yoy Y- -0 -
A=K ZROIDDTHS. Fh, ARBRHL S Z
DELEDOBTIFLFERL TV D EELCREFH» LIRS
LABETHD, BEERT 2dho CO; BTOF T
DAL COL b LEZ A THS. BOYSI
WBPRANAMZ ST (DR BREEEE Uiz,
FERENT TR T 524 75 EESETTA N » IS

— 99
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Table 6. Comparison of gas reduction and solution loss carbon in the industrial

operation ( kg/t pig iron).

Oxygen reduced‘ Gas reduction of Solution
Ose (%)
Ore Oothers ¢ loss carbon
Reduced by Total |ReducedReduced by | .,
C CcO H, by Ck? e (b—-l-—c) at |above
&) | [ @] ¢ [(3)|E)]*°
a/|\a tuyeres
. Non-fluxing A 1551 156 | 50 361 31 43 14 57 — 116
Campaign | Goer charge | B 73| 238 | 50 | 361 31 | 66 | 14 | 8 | 61 | 55
N

ol Self fluxing A | 153 170| 32 | 355 | 35 48 9 | 57 | — | 115
sinter charge B 91 | 232 | 32 355 35 65 9 74 47 68
No 2 ” A 144 | 205 23 | 372 | 32 55 6 | 6l — 108
© B 82| 267 23 | 372| 32 72 6 | 78 | 46 62

No 3 ’ A | 110] 236 25 | 371 | 32 63 7170 | — | 83

© B 83| 263 | 25 | 371 | 32 71 7 | 78 | 21 | 62

Ovye: O reduced from iron oxide
Oothers : O reduced from oxides other than iron oxide
Gas reduction of Ope (%) :

Oy reduced by CO and H;

% 100
OFe

A : Calculated assuming that top gas blown into the furnace together with enriched blast circulates

independently of reactions in the furnace. ~

B : Calculated assuming that CO; in top gas blown reacts with C in coke to form CO in front of tuyeres.

DAL TV B
5-3 ZHAFRROFANETEREEBRERETREOBE
MEE(GERBEDBME LT, Xy HADE
HSD T e B o T FEAFURE L OB RS R N T 75
NEHER, FEEKTEL LW E5EFIESHPHLE
M, $hfE/ 3~ A0E—E & ThEEREROELE
L L CEA B ORI TR E R D, EAE
MEER OEIMAFRER L EHVE 2T, HEETDOE
Frcst U CR R IR BRI 7 50N 2 0T B B3
AR O B oG I & o CHEERTER OB ST
HXhE. LU, Koo - HFRAdekF s CO
S FE DD B D EERRE T DR REE b5 2 Bh
5. INLOEDPD, fEEBRE L TEDOREOMEE
TRICELELS P EVHI L, 23— AL E BT
EOTELDTHELODD, »OBEELMETHS.
Ty ME, IR ERE L B O TR L DR
MR AR Lo kS s, BAREOFNE TR
Bl & iR ® (8L EP CO WX 5ETERT,
52 OBOBE, TibbIERN A EWAAZHEITE
EHEXNE CO, X HNPRFICHETE(H)RDV ) =
—¥ 2 B ARSI T HHES R RO TE X
bo) LOBFERTE Fig. 7 OX5icisd. HH,
Ty MPIC X B OMEETEREH TS WER

100 - . - I
© Non-fluxing sinter charge
© Self-fiuxing sinter charge
Number : 0, content in enriched blast (%)

80|~ (number): » total blast (%)
—_ 58(35) Hot blost
&2 033(28)
~ [ 0054 (33)
5 60 | 50(33) -
T Industrial
- Midget Test furnace turncce
L turnace l
- 40 |—r-
8 0 Lo SN
= 1 1
° Lo 55(41)
- I t

20 —--+

o) .
0] I 2 3 a4 5

Travelling time {hr}

Fig. 7. Relation between travelling time and
indirect reduction.

BT 5 LR TH 70T, FIRL AMAD» 5
PIE Lo K O TH 5. EABREOFANE TR D
EIT, EARPOAEREE (Im® Y2 oHEE),
PPN BV BINEER s &7 D RFEREF 233w D,
FFRAMMER, AEMRECI>TENTS. &
7oRIEEETTE E LW, BEbEkd HETRESIR50h
CO L >TREINDLODEIFEZIRY LT, Zhn
T OBFEOEE LRI VAR OIEER T Ah0CO,
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T AREESANELLS. Lo T BEizhbo
TEERWIRE LTAPDDILENRD LD, ETEALH
DIFANG TR RE SRR L RE<EBE LTS
D, EREERIRE 33~55% OFATRIhIC XL 5E
Vo HRHEROZE(LOEEIIE & A XD L.
L, FRETREREEEF L EELCEbDTE
Wiz b bY, MEEEITEI L RIE LFOHE
IEEEEFE ERERE, 50 eeE HE oTw
5. EFio, FEANRITRBIEE I -2 2HEIEL, Tk
bbLELRBRFTIE 2°2~24 BE, T+ METIE
SEETHD, Lk o>TIEFRdp CO/CO, i/
WFREEREWVIZ D22 OTRIEETENRDEVEA
TV VWD LERFRETREOR W Z ERKRE S BH
LTW3EEz 5N 5.

6. &

CODHMEN, FHFRZ7 o E=7E5RBEREF 2 & L
THATERERETLERMIICBELT, EX50
T TITi 272 EBRIF 7 & UNC T LIF D152 E ST O
BN Lcb0THY, HEREHMOZ EThdho
e O TIPSR, BFEIR S CHEN LS T T
v, HREgE kW ThiEbh ok
D—2&L LT, BRI ESERAERLEoTLSE
F IR WTH B, Ik, TOEFOAE, SRR S
UNC THEA LT B U CRIAIR G TR b o 7o ANk
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