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Development of Oxygen Blast Furnace Process with Preheating Gas
Injection into Upper Shaft
Yotaro OHNO, Hirohisa HOTTA, Masahiro MATSUURA,
Hiroyuki MITSUFUJI and Hiroshi SAITO
Synopsis :

A new blast furnace process has been developed which blows normal temperature oxygen in place of the
hot blast through the tuyeres and injects preheating gas into the upper shaft.

For the development of this process, mathematical model simulations and operation tests with an ex-
perimental blast furnace were done. The test operation was so stable that this process was technically
verified to be consistent as an ironmaking process. The pulverized coal was injected up to the ratio of
0.94 kg-coal/Nm®-oxygen. The high productivity of 5.1 t/dm>® was realized. According to the analysis of
measurements during the operation and dissection results, this process has been verified to have the follow-
ing characteristics; (1) The preheating gas injection lowers the heat flow ratio and raises the tempera-
ture in a whole section of the furnace. (2) The gaseous reduction takes place fast at relatively low
temperature region and the content of the boudouard reaction is low. (3) The silicon content in metal is
lower than that in the hot blast.

The lower limit of the fuel rate was estimated 530 kg/t for a commercial blast furnace.

Key words : oxygen; blast furnace; pulverized coal; productivity ; reduction; heat flow ratio; shaft gas

injection ; silicon content.

1. ¥

BESEIFRECERNIERH SN LI o720
&, 1910 4E4t Trasenster? 12X 0, % OBEEREL s
HEHYMEXELZENRBENRTLLTHS. 2D
BEEHABREIBRECBLTHOEREI N TV B,
BILEXMMEE T L, Ky DAV ZEBMETL,
Bl KE (2o C, LM TCEAMOF BSR4
DR, wbwd, v 7 MIRARENFEHNLLZE
AT, Mivasuima S5 X B HEBREIFOBRETHSL MICE
ntwns,

BMELERCTRATAIREOVWTOHE L, Liwv
AT KAk TIRY, WA 24 m® OFEFT, BE
IR 50~55% OB, FIOGIEREEFER ICIFTEY 2

il

FREBELTIMA, 32— 27 AL 1000kg/t T6 2 HAM
HEIRETELEBMESNTVS,

Bureau of Mines® {235\ T¥, 1964~65 4EI2H 13T,
FFRREE 1.2 m® OREREIF T 40% BEFE O iRLAERE
EifT-oTwa, POLEREOHIMEAIC, ZREFHLZ
WA, I— 27 AH 831kg/t DREZEREBTVAL, 2
DZODFFEERTE, BEEIEL, Ko a MR
ME L BFIEAE DT, ¥ v 7 MEBRARROBEY
MCTELLEZONRD,

B, EBEEEBICLVMNIRESEICEFETE
B4+ A2HMOBEEIED LN THEY, 2OUWAATOD
FEF—ERKT R IMPEI LA EBEINRT S 9,
BT O R EE~DOHER, HO2 ISR TV,

HRBMEED 0L vDH, Wartmanw”, Lu

BEHD 62 F 4 AXRSHBHEARICTRE WM 634 11 A 7 BEH (Received Nov. 7, 1988) _
* NKK gk#17EfT (Steel Research Center, NKK Corporation, 1-1Minamiwatarida-cho Kawasaki-ku Kawasaki 210)
*2 NKK 27 #8 (Primary Technology Department, NKK Corporation)



S w7 b BB TFHA AYGE S % G L EEEEAR T 0 X 05 1279

58 Qn 59 Fin!® i3, BEZBICEL Ry T b
EEAROMFIZOWT, PNONDIFTHT X DFFRR,
Ky T2 B~DOBTLH AVGARE R L Db, WHE #
PHEEFMCEDBEFT LTS,

EELIE, BEXRICIVMBIRESEICHERTHL
EBIC, Y7 PEBICTFRAOTN A ERERAL, BT
WA ETFT S8, EAWE T ARTHAEITT HREL IS
RBL, BEXATEONAERTAOEVELNEAE
WMIIEI L, BB TH > COBREVRELZT LVEF
Tutx, TMESFE7OLR, 2ELLL.

AKT7Ot ZOERED-HIZ 1983 £ X D BFETF NI
X OWEBNE, BEAPORR-FCERE L, MR
DBRBEIC O W TIIREET A MY, T 0, AR, $
BT E L S0t AEROER RSP REET -
7:.

2. HEEFICLD 7O AD%E

K70 ASROBFELIRT 57012, WEHBIN
EFNICK O BERBOMET L, —KTORERTE TNV
KXW IFENORR, RICETOTFHEIT 2.

2-1 PEBIZETIVICE D15

FHLZEFVIZYRAPEFVICELLZLDT, Fi
HAMAAR LAV & BRICEFE E T8 L, WEE
NXxEDH, ETEHEROBMKRE Tr i3, ¥AREL
F—& L, IREMES A A, BITIX, JFLEEIT FeO %
THITL, BEETHIGE, FTHROATREESL LTS,
fE @ a— 7 A CR (Coke Rate), i ikttt PCR
(Pulverized Coal Rate) Zxf L, FrsE DIIOFEER K%
BE T, & nnh X)) CBER BERARGBEHEZE
Ve #IREL, RIZ, BERTE Y, 2RETS. TE
_®Wﬁﬁ1ﬁﬁuaalﬁt,ﬁ&?}m%ﬁﬁz@m
ABE Vg 2IEL, ¥+ 7 3% R (Shaft efficiency)
X, BB Tk ® Fe-FeO DiL2EFM # A MR & TN
2 ERETAHEOTEHDPSDFT A, SFTET S, T
O&BERAKELRE T, 28K, ¥+ 7 PIRISFELE
e, ARABFLBESF LI L%, Fig 1,
Fig. 2 IR Y. BEBFOMA T, T,ABRICHFIEY
ZEFERLCBY, Z0OE Ve id, T PHEBMALFL
950°C & L7-34&B, 750°C & LA CTIE, BOB
® 160, 120 Nm®/t TH 5. FEHITAE Vy i3, %HE B,
C T, BOB® 190, 260 Nm*/t TH%. Fig.1 #, B’
D EMKIE, FHAZFRERAT RVIHEOT A O
B R, PP LECTEAMOLESREIRT R L I
LTEh, 7oA ELTHILAZWVI EE/RLTW
3. JETEOLERI/NE W EIE, Fig. 2 ICBWTHE

T T T

-
—— A Hot blast TR950°C

CR500kg/t A
| —— B Oxygen blast TR950°C [
CR340, POR300 g/t / 1 o0

Ve 160, Vi 190Nm3/t
—-—C Oxygen blast TR 750°C gas // B

CR 290, PCR300kg/ c A

Ve 120, vu  260Nm3/t solid f <

! 3

Shaft eff 0.90 / ! { 2
Heat loss 16X 10%cal/t | =
- ) 500 ,;
L

I

=)

Temperature ("C)

Fig. 1. Comparison of operating conditions of
conventional blast furnace process and oxygen blast
furnace process on Reichardt’s diagram.
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Fig. 3. Comparison of longitudinal distribution of
temperature and reaction degree between conven-
tional blast furnace and oxygen blast furnace.
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Fig. 4. Effect of preheating gas temperature ( Ty)
on solid temperature at the injecting level ( Tg) and
direct reduction rate ( Y,).
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Fig. 5. Outline of experimental blast furnace.
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Table 1. Properties of raw materials.
Chemical composition (%)
Materials Ca0/Si0y Size
T. Fe Si0y Al,O3 Ca0 MgO TiOz FeO P S
Sinter 58.70 5.66 1.38 8.84 1.57 0.21 9.28 0.055 0.019 1.56 11.6 mm
Proximate analysis (%) TS Ultimate analysis (%) (daf) Calorific value )
Materials (%) (kcal/kg) Size
FC VM Ash C H N S (6]
Coke 87.7 0.61 11.5 0.69 98.06 0.36 0.90 0.68 — 7 090 18.0 mm
Coal 56.3 33.4 10.3 0.59 81.57 4.96 1.92 0.76 10.79 6 900 —200 mesh 74%

Table 2. Operating conditions and results of ex-
perimental blast furnace.

I 1 | o | N
Period
Hot blast Oxygen blast
Production (t/d) 9.9 10.7 12.0 20.0
Coke rate (kg/t) 638 800 352 362
Pulverized coal rate (kg/t) 0 0 320 285
Fuel rate (kg/t) 668 800 672 647

Blast Rate (Nm3/t) 1530 — -— —
Temperature (°C)| 885 — — —

Oxygen rate (Nm®/t) 39 450 1383 357
Steam rate (kg/t — 0 0
Flame temperature Ty (°C) |2 381 2705 2864 2839

Preheating Rate (Nm3/t) 670 530 370

gas Temperature (°C) — 1019 938 1007

Top gas CO/CO; (—) 1.38 1.41 1.10 1.14
Temperature (°C)| 257 187 226 183

Metal Temperature (°C)|1460 1409 1418 1448
C (%) 4.26 3.96 4.27 4.37
Si (%) 2.35 0.96 1.31 1.15

Mn (%) 0.24 0.22 0.21 0.28
P (% 0.121 0.115 0.123 0.134
S (% 0.033 0.079 0.053 0.049
Slag Temperature (°C)|1 501 1424 1481 1478
Rate (kg/t) 324 362 345 340
Ca0/Si0z (—) 1.15 1.07 1.12 1.16
FeO (%) 0.75 1.04 0.93 1.30
S (%) 0.931 0.921 0.918 0.846
Tr (°C) 950 710 650 760
Shaft efficiency (—) 0.80 0.72 0.79 0.81
Ys (—) 0.50 0.06 0.19 0.27
Solution loss carbon (kg/t) 100.4 13.0 38.8 54.9

Heat loss (kcal/t) 38.9%10%[43.9X104[38.5X10%|27.7x 10*

Heat flow

in upper part 0.80 0.79 0.74 0.84
ratio (— —

in lower part 1.14 1.05 1.09
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Fig. 9. Two-dimensional distribution of gas
temperature, gas composition and reduction degree
of sinter in the furnace.
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Fig. 15. Relation of heat flow ratio with fuel rate.
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