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Use of Oxygen Sensors in Steelmaking Companies during 1987 Year
and Their New Uses

Kazuhiro NAGATA

Synopsis :

The number of oxygen sensors consumed by Japanese steelmaking industries in 1987, the objects of use
and the reliability of sensors were surveyed. 518653 pieces of oxygen sensor were consumed in Japan and
157 700 pieces were exported to Taiwan, China and Korea. 26.3% of them consumed in Japan were used
in converters, 9.9% in ladles, 53.9% in RH and DH, 5.6% in secondary refining, 3.2% in the tundishes of -
continuous casting and 1.0% in electric furnaces. Main objects of the uses were almost the same as
the results of survey in 1985, that is, the determination of the amount of deoxidizers and the control of
aluminium content in steel. Oxygen sensors were also used in converters for the estimation of contents
of phosphur and manganese in steel at blow-end. Discussions on the reliability of oxygen sensors and

the other technics for determining the contents of elements in steel were made.
Key words : oxygen sensor ; steelmaking ; phosphur content ; sulfur content ; aluminum content.
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Table 1. Number of oxygen sensors consumed in Japanese steelmakers and sold by asssembly makers from

January to December in 1987.

2ndary Tundish Total :
Company Work LD Ladle RH, DH refining of C. C. EF Total Sold
Nippon Steel Muroran 177 172% 3910" 4199 4400
Kamaishi 2130 2130 2 600
Kimitsu 5155 944 5326 KIP 764 832 13021 19 000
Nagoya 6 200 CAS 8500 14 700 21 800
Sakai 5790 5790 5600
Hirohata 100 4900 KIP 15900 20 900 21 000
Yawata 200 DH 5 520* 5720 11 000
Oita 51 200 240 51 440 51 200
N. S. total 5572 1116 84 976 25164 1072 117 900 136 600
Nippon Kokan Keihin 28 000 32 000 14 400 AP 1200 75 600 75 331
Fukuyama 32 500 7 500 AP 1100 2900 44 000 44 835
Sumitomo Metal Ind. Wakayama 10 800 10 800 8670
Kashima 12 000 56 150 250 68 400 72410
Kokura 200 VOD 44 244 510
Kawasaki Steel Chiba 1Ifl] 680 9840 21520 15 317
Mizushima $26 000* 11 000 37 000 27 520
Kobe Steel Kakogawa 12 000 1000%* 6 000 19 000 17110
Others 2070
Nisshin Steel Kure 38 000 38 000 37 300
Nakayama Steel 300* 7.000* 2400* 9700 14 300
Godo Steel 60 12 800* 17 210 9110 39180 40 680
Chubu Steel Plate 1133 5020* 6153 6100
Nippon Metal Ind. 30~40 30—~40
Others 19 900
Total in Japan 128 312 48 084 262 920 27 464 15732 5020 487 532 518 653
C. S. C. (Taiwan) 38 500
Baoshan (China) 19 200
Pohan (Korea) 100 000
Export total 157 700
Grand total 676 353

Sensor type : T ; Plug type (4 199 pieces) *; Niedle type (60 040) No mark ; Tammann type #.K-BOP ®;Q-BOP

KIP ; Kimitsu Injection Process
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CAS ; Composition Adjustment by Sealed Argon Bubbling AP ; Arc Process

Table 2. Number of oxygen sensors consumed in

Japanese steelmakers from 1977 to 1987.

1977
Company Work |Jan.~ 1980 1982 1985 1987
Oct.
Nippon Muroran 1900 1 800 420 7 200 4199
Steel Kamaishi 1920( 1130 2800| 2130
Kimitsu 2000 | 32520 57720( 27700| 13021
Nagoya 10800| 83801 9600( 14700
Sakai 12600 20700 9900 5790
Hirohata 4 500 6000| 12110| 44400 20900
Yawata 1600 5400 8186| 12200 5720
Oita 2000 | 88200| 75414 | 86500 51440
N. S. total 12000 {159 200 | 184 060 | 200 300 | 117 900
Nippon Keihin 7000) 44000 62400| 75600
Kokan Fukuyama 700 4000, 9000) 47600! 44000
Sumitomo Wakayama| 4500 | 1100| 5750| 4500 10800
Metal Kashima 670 650| 7500| 27430 68400
Ind. Kokura 50 100 244
Kawasaki Chiba 5000 240 7 200 20301 21520
Steel Mizushima| 1000 1200 6000{ 28230| 37000
Kobe Kakogawa | 2000 3800| 7100| 9600| 19000
Steel Others 2150 3850 320
Nisshin Steel Kure 14000 | 30000( 38000
Nakayama Steel 6000 9000 | 12200{ 9700
Godo Steel 25500] 33600 39180
Chubu Steel Plate 6153
Tokyo Steel Manuf. 800
Others 80 345 100 | 30~40
Total in Japan 25870 | 185510 | 323 405 | 459 110 | 487 532
C. S. C. (Taiwan) 30100} 38500
Baoshan (China) 5000 19200
Pohan (Korea) 100 000
Export total 35100 | 157 700
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Fig. 1. Changes of the number of oxygen sensors
consumed for steelmaking during 1977 and 1987,
comparing with the ratio of steel produced by
continuous castings.
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Fig. 2. Number of oxygen sensors consumed at
converter, ladle, RH-DH, tundish of continuous
casting in 1985 and 1987.

Table 3. Number of oxygen sensors consumed at
LD converters in Japanese steelmakers in 1985 and
1987.

Company Work 1985 1987
Nippon Steel Muroran 500 117
Kimitsu 18 400 5155
Hirohata 7 200 100
Yawata 0 200
Oita 18 900 0
N. S. total ‘ 45 000 5572
Nippon Kokan Keihin 7 800 28 000
Fukuyama T 34600 32500
Sumitomo Metal Ind. Kashima 0 12000
Kokura 0 200
Kawasaki Steel Chiba 0 11 680
Mizushima 23100 26 000
Kobe Steel Kakogawa 0 12 000
Others 200 0
Nakayama Steel 600 300
Godo Steel 2000 60
Total 113 300 128 312

RH, DH T& %. —7%, RH, DH B X U2 k¥EHF T
MM E N EFI OV H W S 2 REEFRIEEIE 1985 4F &
BEHY 8% WML 71.7% (278 - 729 25k v —Df§i A
AEITEDL > TRV,

FH TR LAEMNOMHE AR % 1985 FoEKL
HBLCTAB &, #BHARREL(ER) AUFEIICAE Db - T
%. Table 3 (Z/R8F X512, LD TR 1985
FIZ 45000 A 7E 5 7 D A4 E O FATIE 5572 AT
WLTwah, —, BAMEG) RS, tKeE
T (KR BE B BRI, I BAEk (bR ) T- S sekir, (B
BRI N BEk o LD TR ARBEAEMmL T
Wb,



BARIZBITA 1987 EORMBEFE t b —OHER L H L KR

801

Table 4. Methods, objects, kinds of steel and % of successful measurement for using oxygen sensors in

steelmaking processes.

Converter . %3 of
Company Work K":_dlef success.
Methods Objects stee measure
Nippon Steel Muroran DeO control Weld.) 8ot
Kimitsu Biow-end, automation Al amount, Inclusion control Low C? 9.1
Hirohata Blow-end, automation C control Low C 90
Yawata Blow-end Test 90
Nippon Kokan Keihin In & after blowing, automation Al amount, P & Mn control 98
Fukuyama Blow-end, automation Al amount, P & Mu control >90
Kawasaki Steel Chiba Tapping, automation C, P, Mn control 93.9
Mizushima Tapping, by hand Al amount, P & Mn control 94 *
Sumitomo Metal Ind. Kashima Blow-end Al amount, C control 90~95
Kokura After blowing, by hand Al control Low C 80
Kobe Steel Kakogawa Blow-end, automation Estimation composit., Rapid tap. Low C 9g#
Godo Steel Sublance Test
Nakayama Steel Sublance, automation DeQ control Rimmed 92*

1) Addition to S free cutting steel
* Needle type

2) Capped steel, Al and Al-Si killed steel
One-end closed type and needle type

3) No mark means one-end closed type electrolyte + Plug type

Ladle & secondary refining %3 of
Company Work Kinds of steel success.
Methods Objects measure
I~
Nippn Steel Muroran DeQ control S free cutting steel 80+
Nagoya CAS, in operation Al control Al killed steel 97
Kimitsu Automation DeQ control Capped (ultra low C)
Hirohata KIP, in rest, antomation Al control, T. Fe Al killed steel 94 : 0>50°
83 : 0<50°
Nippon Kokan Keihin In bubbling, automation O & Al control Si-Mn DeO steel 95
AP, Ar bubbling, automation O control Si-Mn DeQ steel 95
Fukuyama In operation, automation Al control Ultra low C steel 97~98
Kobe Steel Kakogawa Test, DeO control Capped steel 95*
Godo Steel Automation O check 95*
Nippon Metal Ind. Al control
Chubu Steel Plate By hand DeQ control Low C Al-, Al-Si-killed| ~95
* ppm
RH & DH %% of
Company Work Kinds of steel success.
Methods Objects ’ measure
Nippon Steel Muroran In operation DeQ control, time save CGCY, ultra low C steel| 90~95%
Kimitsu In & after operation, automation Al control Low C Al- or Si-killed 90.1
Nagoya In operation Al control ‘Al-killed steel 97
Sakai In ladle, automation DeQ control >95
Hirohata In operation, automation DeQ control Ultra low C steel
Yawata DH, in ladle, automation DeQ control Al-killed steel 95 %
Oita In operation, automation DeC control 95
Nippon Kokan Keihin In operation, automation Al control Ultra low C steel 88
Fukuyama Before & in operation Al control No-DeQ steel, ultra low 95
After operation, automation O control C steel, High O steel
Kawasaki Steel Chiba In operation, automation DeQ control 98.0
Mizushima In operation, automation Al amount 97
Flushing, by hand
Sumitomo Metal Ind. Kashima Before, in & after operation Al control 90~96
by hand, automation
Wakayama In operation, semi-automation Al control 100
Kokura VOD, Ar bubbling, automation Al control Cr-Mo steel 100
Kobe Steel Kakogawa In operation, automation DeQ control Low C Al-killed steel 98
Nisshin Steel Automation Al control
Godo Steel Automation Al amount 99
O control
Nakayama Steel Set by hand, automation Al & inclusion control Soft DeQ steel 95
4) CGC : Commercial Grade Casting steel
Tundish of C. C. & electric furnace % of
Company Work Kinds of steel success.
Methods Objects measure
Nippon Steel Muroran O2 meter, continuous Pp,, leak detect
Kimitsu In casting, by hand Supress pores Low C Al- or Si-killed
Oita By hand Al control A part : low Al steel 95
Nippon Kokan Fukuyama BLCC?, by hand, cooling stand Superss blow 97
Sumitomo Metal Ind. Kashima 95
Godo Steel By hand Feed back to RH 97
Nakayama Steel By hand O check, Stabilize C. C. Soft DeQ steel 97*
Chubu Steel EF, end-oxidation, by hand, Amount of oxidizer . 90*

slag-tap-hole

5) BLCC : Bloom Continuous Casting

— 79
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‘Table 5. Causes of failure in measurements of
oxygen content in steel by oxygen sensors.

Number of works™®
Causes Total

Converter| Ladle | RH-DH | Tundish

Move sensors
Shallow dip 2
Bad assembly 1

Bend of lance 1 1
Bad installation 4 2 3 2 11
Breakage 2 2 4
Broken wires 2 1 3
Unstable EMF 6 2 8 3 19
Toutch with slag 2 1 3
1 1
3 5
1 3

* Including the plural answers by some works
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