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Development and Application of Oxygen Sensors to Steelmaking Operations

Takeshi HiroMOTO, Tsuyoshi SAEKI, Yoskihiro 1cAKI

Tokuzou Nisuct, and Katuhiko ISHIKURA

Synopsis:

An oxygen sensor with Cr/Cr,O, reference electrode has been developed and used practically in steel—
making operation. The relation between the dissolved oxygen content at blow off and the conditions of LD
refining operation was studied with the help of the data obtained by this cell. Consequently, Al content
of killed steels in the ladle, Si content of semi-killed steel, and Mn content of rimmed steel have been precisely
adjusted from the dissolved oxygen content measured, because it gives the quantities of the materials to be
added at the LD tapping process.

The main results obtained are summarized as follows:

(1) The oxygen sensor was successfully applied to practical use in steelmaking.

(2) Dissolved oxygen contents of the steel in the LD converter are closely related to Mn content and
bath temperature as well as to C contents of steel.

(3) Dissolved oxygen contents are not affected by the “after blows” and the furnace life.

(4) Because the relation between the dissolved oxygen at blow off and Al content of killed steel in ladle
has been clarified, more precise adjustment of Al content in ladle became possible, compared to the previous
method using carbon—oxygen relations.

(5) Because oxygen content of steels are closely related to the Si content of Si-semi-killed steels and
Mn content of rimmed steel, precise adjustments of the crow of Si—semi—killed ingot top and the degree of
rimming action of steels became possible.
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Fig. 1. Cell potentials developed by oxygen sensors
with Cr/Cr,O; and air reference electrodes
immersed in liquid steel (1600°C).
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Fig. 2. C-O relation in 100 kVA highfre-
quency induction furnace. Where C
represents the results of determination by
chemical analysis, and O those by
means of oxygen sensor with Cr/Cr,O,
reference electrode.
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Fig. 3. Schematic diagram of the oxygen sensor
with Cr/Cr,O; reference electrode for the
measurement of dissolved oxygen content
in molten steel.
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Fig. 4. Typical E.M.F. figures obtained by a oxygen
sensor couple with immersion thermo-
couple (A) : oxygen sensor trace, (B) :
thermo-couple trace.

&, Air [RHERREI ~ 18z 1 Cr/CryO, JEHEFRIY D J57

BFE— C% THBERFERPBWHEZR L. Lo

T Air fRIERRIC I Cr/CrO5 FRUERRAI D J5 S B Al

IR X SBEE T, HDVIKIRERE X S BREN

IR L DOREAZRT 0L E 2 Hhs.

2.3 Cr/Cry0y BEERI TS50 Y—DBE

Cr/CroO, JBHERIII A &+ & 7 v v o — O 5 % Fig. 3

R LY. BARTEREE & LT ZrO,-CaO (Ca015 mol%)

O Cell @% iy, The FITHE @ dimic Hisw L

BHTW5H. FEEIE Cr & GOy DFKIREAY (Cr

95%, CryO3 5%) @% AtL, ThiTiFilifk: L © Mo

S@FMAL, —ifx Cu DEMFOTEHEIhT V5.

HMRIDERE Mo #@X 1 Cu OiFDITiERIh

TWd. REBIZEAO Pt/PtRh BB O h iz B

o Twa. Zhbit Ceramic body @ CREW L, X

TIEHENECTHE SN REQRID AL DO

— 62 —



REMEEME O DR X ORBER~DBAL ST 2329

Th5. Tig. 4 CREFPNOBETOBREBRER > BIE
LN BIERE (OREN, OFREE) 2R L

7.

ZEE Lo BIFIETE 218 5 701, FH LBFRCEE L
FEOERDDITDOVWTLATICHRANS.

(1) ZrO,-CaO Cell @DJZIK : B @ & DEfh
#RLT BT ZrO,-CaO Cell @ EMITHTE% T &
LHHEDKREL (& X&) L, EBERO@OR
WE-HHRITRS & L. Ch T+ 7pA
e VR & TR %

(2) MEHENE@OHHE; BEmh () 7~12sec 4
) BToumzaBSsWERLLET, Y2 vENE, B
LHuid ALO; Tk 2 MEER ELT VWS, ElED
CHIEPRIRE T NS EOQOREEC X5 A 77 v v 2 %
RETEIEH»TELNS.

—7, BIEERNED? 5 DARREF OIS BIGRE O
BaciRg <, BIFRNAETRIFARELZRE LD
LT, BELHALELY—DLuES % slag < Bl
TEBRWZENEETDHS. slag M LA BT
BMERREEIRECRET D2, dLAREETRR LR
5.

3. BEFFNORBRRZEOCEDAETHER

3.1 wuk C &REBROBER

Fig. 51X 100 t §RFIC 31 HIEMMER RS X UL/
FEEWRIE C% OBGRERLIZIDOCTHD. i
FERBPETISHEOITE TR OETH 5. ERE
FERLABERLOMCENL Y DESE LR, ik
bb 0.20% OREHIRFEOE VB CIIERBER
%9 150~400ppm, £FEFEHEIIH) 300~500ppm TH Y,
WhICH LT 0.06% & REFEL OIS ClRiEims

T = T
a3
900 1 \ )
1 \d © First blow end } Total oxygen
ila A A A Second  blow end
i -
BOO | Lo A}:\ & First blow end Dissolved
| A‘ A& Second blow end oxygen
\ PR
{ e
700 \
600
E 500
&
- —
H a
s
£ 400
8 ~
-~ 0
§ e
=300 =)
[ —————— o ——]
200
.
-~ .
C-0 equilibrium 0 e T ————— ——
100 ar 1600t
0.0% 010 .15 020 a25 030

C (%)
Fig. 5. Relation between oxygen and carbon
content at the blow end of 100t B. O. F.
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Table 1. Results of multiple regression analysis of dissolved oxygen at the blow end of 100t B, O.F.

Variable entred | Fargt egrosion | Sandard diviaton | yarye | Pardal correlation| ipuibution
1/C % 10.99 0.906 12.1 | * * 0.7698 0.5740
Mn % —880 215 —4.09 | * * —0.3766 0.0652

Temp. ‘°C 1.63 0.279 5.82 | * * 0.5010 0.1323

Constant — 2236

Multiple correlation Coefficient of determination ?rfﬁﬁ?;l? c%i‘;iﬁgggn& n

0.8468 0.7170 73.96 105
10.99

Dissolved oxygen (ppm)= % C)
0o

—880 (% Mn)+1.63 (°C Temp.)— 2236
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Fig. 6. Relation between dissolved oxygen and
carbon content at | 610°C, 1640°C and
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Fig. 7. Relation between dissolved oxygen and
carbon content at 0.11, 0.16 and 0.219;,
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carbon content at | 645°C of 100t B. O.F,

—E & LIBEITE, —RREDHETH, £thld
TERELLESETh, C-O BfficiiZErs iy
Lz,

YFROIRFIC VTR EBIRIRE§5 Z itk 2T
VTR 5~30°C LF L, Mn 7% 0.01~0.04% B
HLTWD. L3 DTGNS % & 20 & DTk
ERERESHINYT 52 L0 EL T, BEOLARX
O Mn OB EICHYT 5 BEBBREESENLTVS
W ERy Ewvwx b, ZERwkiko C-O %% Fig. 5
KARLTWSDS, ZRKIEOFEMBELREREDH PRI
CHEI I VWCERBBREENELL2TWwS. Thizg
IHEERS X UWE Mn OFEBRREbhTW5EF XL
h5.

3.5 PRERCHIETFEHORE

Fig. 9 i — kR LR O fF Bl & iR ER SR B O BTR & 7R
Lc. 7BiRE, CRIUMn ofiE%EZheh 1620
<jEEE(°C) < 1660, 0.10<C (%) <0.14, 0.10<Mn
(%)<0.20 L L7z. ZF—%—3 100t xfFD 10~
12min OFERFEDO DO THS. Fig. 9 i XhidiFmH
A TD, Wb BRERE £k 25hix
Ve UL, —RICEEESESER KD OBEBRT XD
FRIEFCZALT 5 2 L b, SR I D F—k g%
32T h RCRFOEEFRSHER, Mn H¥H 5 WILRE
b RLDHEBDNhE. Lo TERBREESC,
Mn ZLUHEHEOZLicX % BEEAE LN, L
L Fig. 9 iRt XsiemkikC, ik Mn % LTIk

600 ot first blow end
Temp ; 1620 ~1659C (X =1640T)
& 5 0.100~0139% (X =0.120%)
—~ 500 Mn 5 0400~0.199% (R =~0,150%)
g H *
e .
" ° y o3 e
§ 400 . Y . .
S ,‘.’ M . r
k] . . . -
3 . L4 .
2 - o -
2 300 * «® o .
a
2
200
. N
200 400 600 800 1000 1200
Furnace lile

Fig. 9. Relation hetween dissolved oxygen content
and furnace life at 100t B. O.F.

@ Temp-display
[e]e]eYe)

®Dissolved Q display
(QOQO]

Oisplay board

Temp:recorder _(3) { Al or Sito be odded )
0000
@ tnplér .
o [

N
{Q‘J
my _recorder
Console @
typewriter
QOpercting daia P

Fig. 10. Computer control system for acid soluble
Al content in Al-Si killed steel and the
deoxidation of Si semi-killed steel with
OXYygen Sensor.

Oxygen sensor

REZ —F L LefHET TRANIFRIEIC X 5 15MER R
BEOZLLIEA SRR,

4. FF2HF Y —DORMELE~DOFH

¥V r v Y — TRIFFERN O LARMTARRERE L
BlEL, ThiEdbdi LTHRE IV . — % TIRENIE
X4, ¥ FHED Sol Al HH R XUk I 0 RO
oy be—WETEDOTW5. Fig. 10 £ D%#HEH
ZAR L7 BEFIARET, AF¥0 5024 —OTH
ELCBBEEEN S L CRERENICh T mv/i @
THEMREHBESh, BEEETRHORI 2. —-%06
THHEER 2ARALE AL WF U2 VERB OK £ERXh
5. —HERFER EHE @K mv EREBEESh, o
YE L~ F@THBHRRARZITR S L E b, & (1)
DHEZTRVT VA NVETREOCBIRREENSRT
N5, ICRRFCEFETROI L OESHFEINS.
BRERENOWEFEAROBEICIL I € - — 2@ THE
L7 Y2 VvRFBOQRESHERINS. Fo5h
ARG EE, ST I A P a—40kA v Fy b X
NTWBEHE, 722 2EFV RFEITHSLL LI 0 FR



2332 g &

% 63 &£ (1977) ©142

THHD, Tl Sol-Al L VIT X Y WEBLEEH|D
MMEZEHE TS £ LTEERETEOK €I XV F
MOLEE Si-Mn RinESRREIh, EEEILD
RRSINTcEETMT 5.

I8 .- 4 DTOHBHRARFEDREBEEREEND
FeEREE,~ D 0.25sec JriC mv R EBALESE L
55 (Isec [if]) 25 Smv DINOBEXRIFEF L T2 L
LB, TOFEHEEZEENELL TWE. Zhllsto
BHOBEWET V2 NVERBIARARESHRRINDS.
RIFIREERSTT@QORBE N L HARD, 200
2~ Z@ETFEA L Ty M BHP, B LLRHEAEIF
WREDB AL FER TR 2T 5. FHllED FIA
10~15% T& 5.

4.1 FJL F§AD Sol-Al B

Fig. 11 wisMEEERE L Sol-Al OBEGEE R L. M
#ix 0.15<Si FE %<0.30 O DT, Al FingEx /¢
FRA—HTRLTWES. ZhiC XNIIEREER L Sol-
Al L ORI EWFEBED b b, Lz >CimEi X
D HiZ Sol-Al BPDHENT VB DT, BIE L7 I5HR
REILDLELTDS ALIRNER brd. —fiz 7
¥, HiZ Sol-Al 0.020% D354, WERFELKRE 400ppm
TE Al TINEX 47 1.0kg/t-steel, IEFEEFEE 600
ppm T AL IRINE 1) 1. 1kg/t-steel 382 70 5%,

BRERFR L Sol-Al OBfRIFAMMELISNT HimpPic
BAZNDE4EH (niEAl, Fe-Mn, Si-Mn 7z &) &
EbHD0i, BWMEBEERSICEOTRERDTLS. 54
FlRINE D B Vi HENRE 7e S mfEi X nisiE—E L
TWVWHIDI, BOBOWME T X HiIEEERER L Sol-Al
OEFE LT RBIFEI V. ZTESI BRBREREL
Sol-Al DEREZEAEL, OXD METKT 5%

*
Q.
(]
o
a
E]

Add Al kg/i-s
1255 <135
LISS <125
1055 <ris
095¢ <105
0855 <095
0755 <085

Al qdded in ladle (kg/1-s) -

4ou::;f\\\\

@O@QDEiE 3

065< <075

(% Alswt)

200 300 400 500 600 700 800 900
Dissolved oxygen ( ppm)

Fig. 11. Relation between acid soluble aluminum
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Fig. 12. Acid solble aluminum content of killed
steel. (Aim Sol. Al 30x10-395).
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