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'On the Oxygen-Enriched Blast Operation of Higashida
No. 5 Blast Furnace.

- Keii TSM]ZCZ]?tCZ Koretaka Kodama, Noboru Tsuboi,
Kégo Kalo and Skin Hashimoto

Synops;s

At the end of June 1958, pure oxygen was, for the ﬁrst time, successfully injected into
the hot blast pipe of Higashida No.5 blast furnace. In summer 1959 the furnace was run
again ‘with oxygen-enriched blast, and the operating data were analysed. The results then

obtained were briefly reviewed in this paper.

The test run was started on May 26th 1956 and was termmated on July lith. In the coures
of the test per1od Oz-content, as well as humidity, of blast was increased step by step; irom .
production increased correspondingly, untill, at the beginning of July, the furnace, with its
volume of 646m?, produced a maximum of 805t/d.

(Production rate: 1°25t/m3/d., ““ throughput ’’ ‘rate: 16°7t/m2/d) ,

The coke rate, ranging between 600 and 630 kg /t, was not affected by an Os-enrichment of
blast, nor by a strong humidification.

It was found that the increased iron production could be preliminarily calculated on the
basis of a stoichiometric equation. The following equation was given for the calculation,
which showed that 19 of O;-enrichment was equivalent to an increase in blast rate of 4-76%,.

. 0-324 - .
P=__K1><C.R. (L+4*76 XS+0°003XLXw). .
Where ; P: Production.................. t/d

L: Blast volume............Nm3/mn

S: O: flow-rate ............Nm3/mn

W Humidity of blast...... g/m?

K,: A constant characteristic of the furnace

C.R.: Coke rate.................t/t

A set of material balances and heat balances was worked out. They were compared with
each other, and the following conclusions were drawn: (1) Os-enrichment and humidification
of blast decreased solution losses and correspondingly increased the calorific value of coke
in the furnace. (2) Decrease in the sensible heat of blast, which was due to decreased vo-
lume of N, could well be compensated by the corresponding decrease in the heat carried
out by top gas. (3) When blast was strongly humidiﬁed(e. g. 40g/m3), major fraction of H,
which was evolved at tuyere-combustion-zones, could be effectively used to reduce the iron
ores charged. (4) The volumes of blast, bosh gas and top gas per ton of pig iron were pro-
portionately decreased by Os-enrichment.

1 #%

]

BEE{TR Ok,

R EOREE IR L 2230, 1950FF, BUBMESEL

I&ﬁﬂil‘? 4 7 b RO ETHRERLERLLS
TF O OBEIEDE D ST D AR B
BY 5 MEGAPC D 19584858 | BOBREE(UIREE T v,

*

e

— 15 —

MHF 35 G4 AXKHEARKCTHRE
AN S v AN g



956 & & # Bl F B 9 F

A EORBIRE, LFTOEFIC L HNTHEEE(0
t/md/d BE), 73— Rkt (600~630kg FEE) MEIIK
BWTERIREET CTEBECEEZTL2>TWE, &
FEOBRERRLBHEMBEC I >TEIbTMAESEX
S5LLIACEENDS. XL CRBRIGEOTHILE
(L& & HEEE B G ORFRE EEMCTET S L L
L, db¥TFARGHE?» DO LT 27k. BT
BER MW B B

II. HEAS5BLFsSOBEEL
HBICDNWT
RECEHERLE S BIF DO 07 4 v% Fig. 1 iZ
Tt PPEEEES 3560%
2T A 646m? fﬁ; 3

) S
FE& 62m T Wlume §46m3 — ®
PR - D lron meich to s20%
5. BBEEEIv stock-{ine) [
Fe  FTNRFy  Volume  gppul
- ‘ (Tuyere level to I 8
TRTHS. PAnk stock-Line) S
12T, RN , $#1S
, e
100mm FEDH D 2 ' — 70009 —] §
7, 130 i T
7, 130mm Db AENE
8

/]

® 57, 140mm % Blast tyyeres )
n [;J .
Db O SEET i gt T
Wi BRAILI6E  pig i Higashida No.§
6 B278 T, DM&E: blast furnace.
- ELTHFSEERBML Tk D, 19594 5 ARBRATKRA
LIROFEH EE R Iy 580,000t , | H FEHIFEEIL 544
t ThHos. A
% JVE LB RVGAM B T S BRI E % & L Fig. 2
CART XS BREEETIR 2. FOBERTSTFEIL

L7z, EHFHSMMOCIEBERT, >XBENF B

Steam injection

0, Inlet - L _tot blast mle

Orifice
Stopper valve
(Flow rate control)

Fig. 2. Arrangement for the O; en-richment.
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Table 1. Operating data of No.5 blast furnace, May 1958~April 1955.

Produc. Cotke Burden . Blast B *) .
tion rate %o— Slag Tempe- |Hangs
t/d kg/t Burden’giiter [volume XOI?/me Pre/ssuge rature | slips
Coke % kg/ t m°/mn | g/CiD oC

1958 May 535 663 2*955 | 38°*3 516 674 791 823 6°4
June - 562 671 2817 | 46°2 485 656 755 753 2*5
July - 629 648 2°900 464 430 781 711 760 02

August 589 585 3102 60°0 400 - 646 568 . 837 0
September 582 593 3+101 566 389 666 - 685 802 01!
October ' 575 586 3134 ¢ 57°1 416 709 729 840 02
November 565 605 3122 ! 494 434 645 758 ! 848 03
December : 578 626 3029 © 507 417 660 772 1 850 1*2
1959 January : 638 617 @ 2°965: 51°9 387 701 850 - 850 3'5
February | 634 608 | 3029 | 52'6 . 375 725 926 855 36
March ' 611 636 | 2832 52°0 } 372 - 763 873 786 74
April | e21 | eal I 2758 | 50°5 | 371 742 817 709 72

(*) [(No. of hangs) X3+ (No. of slips)]/(No. of days)
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Table 2. Operating data of- No.5 blast furnace, February-July 1959.

Feb. 1~| May May May June June (June 26 July July
April 30 1~10 | 11~20 | 26~31 I~16 | 17~25 |~July 1| 5~10| 12~17

O; Enrichment 9 — — — 101 1°6 1°6 15 22 —

O; Consumption Nms3/t — —_ — 238 32*4 33°1 30°0 4076 —
Production t/d 623 643 666 737 751 752 803 805 698
Coke rate kg/t 628 638 615 632 620 614 601 626 637
Volume Nm3/mn 747 167 764 821 816 819 826 822 826

Blast Temp. °C 784 641 663 676 706 725 768 713 735
. Press. g/cm? 863 809 861 843 822 818 777 819 853
Humidity g/Nm3 27 26 26 30 33 38 42 46 36

‘ (

Co, 4456 4°59 445 4+40 4+51 4°49 4+50 439 451

Metal Si9, 070 077 067 0°58 0+69 069 0-77 072 069
S, 0025 0029 | 0°037 0*036 0033 0°032 0+031 0*303 0+035

Sla Ca0/Si0, 134 128 122 126 1°26 128 1420 1°18 1°18
g Al,0; % 157 1746 16°6 15°9 1673 172 18°0 14+9 154
CO: % 152 148 15*1 158 157 15*8 16*5 16*3 15°2

Top-éas CO % 26°3 262 26°0 26°3 267 26°5 263 27°9 264
H, % 2¢7 24 2°5 27 27 2°9 2°9 30 30

Temp. °C 224 241 221 208 195 178 178 175 207

Hangs & slips* 54 0°5 85 96 64 4°9 05 2°3 05

* [(No. of hangs) X3+ (No. of slips)]/(No. of days)
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Fig. 3. Relation between equivalent blast
volume and coke throughput.
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Table 3. Heat balance, February-July 1959 (x10? kcal/t).
Period Feb. 1~| May May May | June June [June 26| July July
April 30| 1~10 | 11~20 | 26~31 I~16 | 17~25 |~July {] 5~10 | 12~17
O, Enrichment — — —_ 1*1 16 1*6 15 2°2 _—
Combustion of C to Co.’ 943 2638 926 981 971 971 926 933 236
Indirect reduction of ores. 39 39 40 40 39 39 38 37 38
Sensible heat of blast 456 373 370 382 387 402 410 375 421
Total. 1,438 1,380 1,336 1,403 1,397 1,412 1,374 1, 345 1,395
Reduction of Si Mn & P. 69 70 63 57 66 64 70 71 65
Solution loss. 284 280 280 248 220 201 210 245 289
Lost with hot metal. 300 300 300 300 300 300 300 300 300
Lost with molten slag. 168 158 157 159 149 144 140 153 158
Calcination of stone. ’ 57 37 35 36 35 32 29 |- 30 32
Water-gas reaction at. ‘
tuyeres. 73 73 68 79 84 .98 104 111 g8
Lost with top gas. 243 251 237 226 211 188 188 184 221
Heat losses. 244 213 . 197 298 334 386 . 334 251 231"
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Effect of Alloying Elements on Precipitation-Hardening .

Characteristics of Copper-Bearing Low-Carbon Steels.
(Study on the copper-bearing low-carbon steels—I)

Masazo Okamoto, Ryshei Tanaka and Rokurs It0

Synopsis : .

The effect of various alloying elements such as Si, Ni, Mn, Cr, Mo in copper-bearing low
carbon steels on the age hardening phenomena was investigated and discussed. The results
obtamed were as follows: .

(1) Only a hardening due to the C precipitation from ferrite was fOund to take place with
the steels solution-quenched from 680°C. after the usual annealing, and the hardenfng due
to the Cu precipitation was not observed to occur except with the steel containing Mo.

(2) With the steels furnace-cooled from 930°C. to 680°C. by 13+3°C./mn. and subsequently
quenched from the latter temperature, both of these precipitation hardenings were found to
occur, the quenched state being supersaturated with éopper as well as with carbon. The
hardening caused by the C precipitation was found at the range from room temperature to
100°C., and the hardening by the Cu precipitation was found at above 350°C. In the stage
of the C precipitation, the carbide-forming elements such as Mn, Cr, Mo retarded the hard-
ening and reduced the maximum hardness. While, in the stage of the Cu precipitation, only
Mo retarded the hardening and increased the hardness.

(3) With the steels water-quenched directly from 930°C., as a whole, the hardening due to
the Cu precipitation was not clearly found, because of the increased resistance to softening
on tempering by addition of the alloying elements. With the steels oil-quenched directly
from 930°C., nearly the same precipitation hardening behavior was observed as that described
in (2), except with one containing Mo, in which especially high hardness due to the Cu pre-
cipitation was attained.

(4) With the cold worked steels super-saturated with Cu, the recrystallization softening was
found to be superposed with the precipitation hardening, and the softening temperature was
raised by the Cu precipitation and the existence of carbide-forming elements, particularly of Mo.

(5) It was also certified that the addition of N1 reduced the red-shortness of the steel
containing Cu
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