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Number of Oxygen Sensors for Steelmaking Consumed by Steelmakers in

Japan and Its Effect to Steelmaking Technology

Synopsis :

Kazuhiro NAGATA and Kazuhiro S. Goto

The number of oxygen sensors consumed by Japanese steelmaking industries in 1985 was surveyed.
459 110 oxygen sensors were consumed and 24.7% of them were used in converters, 8.3% in ladles, 51.9%
in RH-DH, 11.3% in secondary refinings and others and 3.8% in tandishes of continuous casting. The ox-
ygen sensors were used mainly for determining the amount of deoxidizers of molten steel and controling the

content of aluminium dissolved in molten steel.

New aims to use oxygen sensors were to estimate the con-

tent of carbon, phosphorus or manganese in molten steel in converter and precisely to control oxygen con-
tent in molten rimmed steel for continuous casting. By comparing the present results with the previous
works in 1977, 1980 and 1982, the relation between the improvement of oxygen sensors for steelmaking and

the steelmaking technic was discussed.

Key words : sensor ; steelmaking ; ladle metallurgy ; oxygen.
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Table 1. Number of oxygen sensors consumed in Japanese steelmakers and sold by assembly makers from
January to December in 1985.

Company, Work Converter Ladle RH, DH . Z:I?drgtf}ill;irnsg I;"gi%h Total T(;?Js:;gld

Nippon Steel Muroran 500+ 200 * 5900+ 0 600 * 7 200 7 500

Kamaishi 0 0 2800 0 0 2 800 2250

Kimitsu 18 400 500 4 200 (KIP) 1500 3100 27 700 32 400

Nagoya 0 0 8600 (CAS) 1000 0 9 600 10 500

Sakai 0 0 9 900 0 0 9 900 12 560

Hirohata 7200 0 9 600 éKIP) 27 600 0 44 400 30715

Yawata 0 100 5400 CAS) 6 700 0 12 200 8 350

Oita 18 900 0 67 400 0 200 86 500 87 100

N. S. total 45 000 800 3800 36 800 3900 200 300 191 375

Nippon Kokan Keihin 7 800 22 400 20 200 (AP) 12 000 0 62 400 57 800

Fukuyama 34 600 600 9 500 (AP) 2900 0

Sumitomo Metal Ind. Wakayama 0 0 4400 100 0 4500 5100

Kashima 0 0 26 850 200 380 27 430 26 400

Kawasaki Steel Chiba 4] 170 1860 0 0 2030 9900

Mizushima 23100# 0 5130 0 0 28 230 33320

Kobe Steel Kobe 200 0 70 0 50 320 3700

Kakogawa 0 3600X 6 000 0 0 9 600 4 900

Nisshin Steel Kure 0 0 30 000 0 0 30 000 30 700

Nakayama Steel Ww. 600 0 8400 0 3200 12 200 12 300

Godo Steel QOsaka 2000X 10000X 12 000 0 9 600 33600 58 700
Tokyo Steel Manuf. 0 300 * 0 (LF) 100 * 400 % 800
Nippon Metal Ind. 0 100 * 0 0 0 100

Chubu Steel Plate 2100

Others 15 450

Total in Japan 113 300 37970 238 210 52 100 17 530 459 110 503 545

C. S. C. (Taiwan) 30 100

Baoshan (China) 5000

Export total 35100

Grand total 538 645

Note : Number of sold sensors is the sum by 3 assembly makers,
one and no mark : that with Tammann type one.
dle type one.
type one.
KIP : Kimitsu Injection Process

CAS : Composition Adjustment by sealed Argon Bubbling
AP : Arc Process

LF : Ladle Furnace

* : sensor with plug type type solid electrolyte,
+ : changing sensors with plug type one to those with Tammann type one and # : to those with nee-
92.9% of consumed sensors are using Tammann type one, 5.8% of them are using needle type one and 1.3% of them are using plug

X : that with needle type type
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Fig. 1. Number of oxygen sensors consumed at
converter, ladle, RH and DH and tandish in 1985.
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Table 2. Methods and objects to use oxygen sensors in steelmaking processes.
Converter Ladle and secondary refining furnace
Company Work
Method Objects Method Objects
Nippon Steel Muroran Blow-end, automa. DeO control By hand . 1.
o Confirm deoxidation
Kimitsu Blow-end, automa. DeO control KIP, automa. .
= Precise control of DeQ
C content . =
= Save deoxidizer
Nagoya CAS, automa. Composition control
Hirohata In blowing and blow-end | DeO control KIP, automa. position
automa. C content
Yawata CAS, automa. Same as above. O control in
capped steel
Oita Blow-end, automa. P content
Nippon Kokan Keihin Blow-end, automa. Al amount Ladle, AP, by hand, automa. Al & Ca amounts
Fukuyama | Blow-end, automa. P & Mn control Precise control of Al
Kawasaki Steel Chiba
Mizushima| Tapping, by hand
Kobe Steel Kobe Blow-end, by hand Test
Kakogawa Rimming control of capped
Ladle rimmed steel
Nakayama Steel w. Blow-end. automa. Al amount Improvement of quality under
surface
Godo Steel Osaka By hand, automa. DeO control Automatic Confirm deoxidation
Tokyo Steel Manuf By hand, LF, automatic Deoxidation control by Si & Al
Save 02 for smelting in EF
Increase yield of alloy
RH, DH Tandish of continuous casting
Company Work
Method Objects Method Objects
Nippon Steel Muroran' RH, automa., in operation ) q Automatic 0 control process &
Kamaishi RH, automa., before operation = quality control
Kimitsu RH. DH, autmatic before & By hand quality T
. . . Confirm
in operation Precise control of
Nagoya RH, automa., in operation deoxidation Deoxidation
Sakai RH, automa., in operation Save deoxidizer
Hirohata RH, automa., in operation Quality control
Yawata RH, automa., by hand, stop RH
during measurement
Oita RH, automa., in operation —J By hand Test
Nippon Kokan Keihin RH, automatic Control Al add.
Fukuyama RH, automa., in operation Al control
Sumitomo Wakayama RH, DeO & deC control Fine control of sol. Al
Metal Ind. Kashima RH, dip in 40-50 cm melt Al control Save time
Kawasaki Steel Chiba RH, by hand DeO control of low &
Mizushima RH, PM, automatic before & in ultra-low C steel Al
operation by hand, in Ar bubbling amount
Kobe Steel Kobe ASEA-SKF, by hand Test. DeQ control of week By hand Investigation on O
Kakogawa RH, deQ steel. C in ultra behavior
low C steel
Nisshin Steel Kure RH, automatic Sol. Al control
Nakayama Steel w. RH, automatic, Al amount In casting Feed back to deOQ
Funamachi after operation By hand process
Godo Steel Osaka By hand Deoxidizer amount By hand Confirm DeO
Confirm DeO
Tokyo Steel Manuf. In casting Free crack in products
By hand

RH. PM : Pulsating mixing process

DeO : Deoxidation

=L BEHPOGERT VI LBEEOREEIT SV
o= 7EEERE & RO RIE TR UL E L

DeC : Decarburization

TWnh.

automa. : Automatic measurement

2 Al + 30 = ALLO, (solid)
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Fig. 2. Change of number of oxygen sensors con-

sumed for steelmaking during 1977 and 1985, com-

paring with ratio of steel produced by continuous

casting.

Table 3. Number of oxygen sensors consumed in
Japanese steelmakers from 1977 to 1985.
Company Work |, 1977 1 1980 1982 1985
S S
Nippon Muroran 1 900 1800 420 7 200
Steel Kamaishi 1920 1130 2 800
Kimitsu 2 000 32520 | 57720 27700
Nagoya 10 800 8380 9600
Sakai 12 600 20 700 9 900
Hirohata 4 500 6 000 12 110 44 400
Yawata 1600 5400 8186 12 200
Oita 2 000 88 200 75414 86 500
N. S. total 12 000 159200 [ 184 060 200 300
Nippon Keihin 7000 44000 62 400
Kokan Fukuyama 700 4 000 9 000 47 600
Sumitomo Wakayama 4 500 1100 5750 4 500
Metal Ind. Kashima 670 650 7 500 27 430
Kokura 50 100
Kawasaki Chiba 5000 240 7200 2030
Steel Mizushima 1000 1200 6 000 28 230
Kobe Kobe 2150 3 850 320
Steel Kakogawa 2 000 3 800 7100 9 600
Nisshin Steel Kure 14 000 30 000
Nakayama Steel W. 6 000 9 000 12 200
Godo Steel Osdka 25500%| 33600
Tokyo Steel Manuf 800
Daido Steel 80 265
The Japan Steel W. 80
Nippon Metal Ind. 100
Total in Japan 25 870 185510 | 323 405 459110
N —

* . Number of sensors consumed from october 1981 to september 1982

1985 41349 46 T AR TH 5. Fig 2 (2R3 HHABOE
REALE R L. L2 ICHEREAB MO RS L T
%, [ AR O EFH LR OFEREY 2 EbE
THRL7, 1982 FRA T ClfEL  H—nfEA
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(=]

77 ‘80 ‘82 ‘85
year (A.D.)

NS : Nippon Steel Co. NK : Nippon Kokan K. K.  SK: Sumito-
mo Metal Industries, LTD. KS : Kawasaki Steel Co.

Fig. 3. Change of number of oxygen sensors con-

sumed by each steel maker in Japan during 1977
and 1985.
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Fig. 4. Construction ratios of number of oxygen
sensors consumed at converter, ladle and tandish of
Nippon Steel Corporation in 1982 and 1985.
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Table 4. Objects to use oxygen sensors for steelmaking during 1977 and 1982.
Company 1977 1980 1982
Nippon Steel Steady deoxidation processes of steels | Weight control of deoxidizer, Sol. Al | Quality control, Composition control,

rimmed, capped, semikilled, Al-killed, Al
Si-killed & semi-stabil.

control

Control of degasification

Nippon Kokan

Deoxidation control of semi-killed steel

Sol. Al control, Deoxidation control of
capped steel

Sol. Al control

Sumitomo Metal Ind.

Deoxidation control of rimmed steel

Good quality of slab surface, Sol. Al
control

Deoxidation control, Sol. Al control,
Weight control of deoxidizer

Kawasaki Steel

Al & O control in ultralow C Steel in

Sol. Al control, Decrease crack on sur-

Sol. Al contqrol, weight control of deox-

RH face of rimmed steel idizer
Kobe Steel Deoxidation control of rimmed & semi- Sol. Al control Composition control, Deoxidation
killed steel control

Nisshin Steel

Sol. Al control, Quality control

Nakayama Steel Works

Sol. Al control, Deoxidation control

Sol. Al control, Deoxidation control

4-2 BELCHY—-OHULWEOH ERNBHTORRE

1982 4 & 1985 F CTHEX v Y — 0 LSl & X
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DEREALZRANTA S, Fig. 4 (138 B KBk (k)
THHSh7MEL -0 TGS % 1982 4F &
1985 4ECH.E L 7-. 1982 4FE O # {8 A ¥ 184 060 A D
W, $5biC 16.4%, ##E L RH, DH T 81.5%, %
YT aTI2.1% THDH, FEALHEBEELER
B7TLI=y AREOREIIHSRTWS, 1985 £
T 200300 KROWNEFRZF N 22.5%, 75.6%, 3.9% T
b5H. BMME RH, DH, kB ToOEHARIZH
IS HATIREAEEDLS VDT, ¥, EHTof
AAMASBEML TWB I Eabh b, 1985 FEDOEAE
T EghEh, 24.7%,71.5%, 3.8% TH H AH %
(BR)ODAE O S SIZEFTOMANSE L, O
EROMER L L TRV,

1977 4, 1980 4, 1982 £ O EEFE+ » H— D HHE
V73 % Table 4 \Z/R L7z, 1977 EORAAL TR 4 F
W, Fyo7FH, tIFUVFE FLFELEBED
DEERBREDPENRASON TV, —HREABREE L
H— AR SN THh 513 50 ppm LLF OREEFZ &R
WENTEEIC 2, WPOT7IL Iy ABEORE RS
K& mbL72 Z07w, 1980 4F & 1982 E£DFAET
EMEL Y — 3B L IAMMBE R, DH CHiEEL &
BT7TLIZT LABEORBIZHOOR TV, Lz
T, B T X % ¥ 08 S B B AE S A o0 A B s EE N
EEDBIIREL - OMEARES ML /2.

Table 4 % Table 2 & }L#§ % & 1985 FOfEHH W
BUEEDFECHITMA TH 212 1) FIC B AEHMET
DiKFE, DA, o REOHE, 2) S9HEEMEONE
BB ICHEL =2 fibh Twbh, Zid s #E
OFCRESEML 2o KOS BENER

H—OEEMSE L -8, £FEI 2 MEUEO 2Dk
FEDNCED) A FROEESHMLA-ZLILXS. £
BICEE SN 4 FHEKREHROBWERMTH D
WAROT N I =7 ATHEES 5 720 IEMHE 2 IRRERE
FERENLDTHEEL L —OEEHSSHIIHT L #
Zbhhb,
4-3 EIFICHETIRE, WA, YT REDOHTE
BRI B I ABEMPORE, DA, 2T VBEOH
ERBEL T —OHF L AFWETHE. IO IIHEMR
EATTHHEVEHT R EDORBTROFEH S ZIE L
Twa,

C+ 0=CO(gas)

2P +50 = P,0s(slag)

Mn + O = MnO (slag)
L7A2TC, BEIRORXTIIESINS.

wt% C = Peo/ KiQo

Wt% P = Ye,0, Nojo, / Ko e’ Q0°

wt% m = Yuno Nuno / Kz funQo
CITKREHMERTRELSTOBEBTHA. P i3
H2AHO—BILREOGTETH Y, LDEFETIIH 1R
H, ERED Ar TATHRENDEEE SO E
5. YENRBRENEFRRT Fh OB OERBRKE €
VHETHY, A7 7OMBICKO>THRE L. fIIEH
FORDTOEERE (N ) —XKi#E) TH YT DBRE
PRV EII 1 EBITA. LK 2T, DA, v F >
DEREOWEIZEA T VOMBSLETHY, TOHE
FWEXDA, R ORBEOEEYRETH. RIE,
TR, B, B, B0 3R T 7o FeO iR & EE
o —TllE L 72 ERP OBEEER & ORI BV HE
FADI, S5 IEE, FeO FE S SICHKDBEEH
Lerly, WAORAT 7/ERBOSE R LFEL 7.
LT, REBEN0.10% LTFTTerHy, HAREE
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DHENTRETH A & wR L 12,
4-4 BFELHY-—OEERM

SITORETIBEL Y —DORERFTA—H—D
FETABD RS OEHAK L L EE>Tw
B, TAUE SRS RSB T BEAS T L A O A K
P EZTwbbThreEZLRALA. I TKH
FECIRTEARR & AT O % % Bl R L oA e R
ELBEABIIH T A HARO v EBtLE T 5 &,
1980 #1432 70% BETHo7=h%, Fokl L L 1982 4F
3% 84% ThAH. 1985 4122 W\ CTHRFEAK & FHI A
PO TVABSIIODVWTEHEYT L E 94.3% &7
D, SSIEEEAMELTVWA. ThidkrH—iFA
OHBLE L —DORBIZELDTWS,

Bife, MEmE L THEAR, MEoBBtoE
BEL DA —h— RIS RL S LEIHES R A
HTE, BliASWI L ERBITFLRTVA, Thb
DFERIFRHEG S TEECH L Lo, Y La=T7H
tREME % 50 ppm LT OERMERK SIE T CTHAT 254
AT LD EFCEOREEAEEN»SHIET A0
D87 A =5 =3 f 2 OFEEEREICBVTHEENT
WEWI EILbBH S,

5

1985 FEDOERBIEEE v v — 0 EHARE 45 /79 F
KThn 1982 F L L TH 12 55 FARBEML 7.
0 71.5% 12AME, RH, DH, “ k##iTcibnT
Wh. BEFE L U — O AT BN 8 5 B T A
SM O EHHROMANII X B M, oS
LOoTwA. I CTHERBINLORBERMPORE, H A,
TN DRENBEEE IV EEESRTVwS S
ETHAH. COLIHICBEL L —3BEEDNOES
CH =L LTHERE SO SR T WA, $72, (G,
RH, DH, kKB TII I A MERO -0 ) & KO
FeSE S X A BEDEI L, S5 SR O i RR R R IR

)

FroH—pfFbhTwaE. 574 v 22 TORER
FRERBOKRECHY, ERFEEEICLDI AT TOGE
DEE R G H 12 O UEREEE OBl E W A S h T
K/\Z)“),
AMEOREIZHB I 2RO G A CEH LT
T, (BRFRRE) B H ARk (bR B AE TIEB#, )
W5 Bk (R ) BeATAR ZE ST pPEAY S, BHARSE (BR) P
WFepr A& HE, EKERE T¥ (k)86 Bt 78 i
YRR, (BR) T WM R Emams H# KA,
B o8 (bR ) R BRBKATIR 8T RE WX, (B SRR
PTRE s, SRRSO KBRRERT RS
ARHGEZ, BB CR) ML T3 ARt d Kt
5, BASBIFEMR)EETES & & BBX
WM EMEIERT MR, KFESE )G L
B SR, \FRSFERSE(Rk) REHE--, LBV
Mo A MOBR)  RRRIERE, KEXEEFE(BR)WINTE &k
RBEAC, ER TR Eaf e WOEF.
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