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Development of On-line Analysis of Manganese in Molten Steel by
EMF (Electromotive Force) Method

Kimitoshi YONEZAWA, Toshiya HARADA, Satoshi TABUCHI,
Hisashi TAKAMOTO, Toshihiro OGURA and Ryuji FuJiwarA

Synopsis :

Many of experimental works for developing a suitable probe or sensor have widely been made with dif-
ferent methods in great demand for a rapid analysis of specific elements in molten steel.

The author had ever developed Si sensor of which measuring principle was based on the EMF method,
and obtained the possible application of same principle to the rapid analysis of manganese in molten steel

with foundational experiments.

After the affirmative conclusion on the examination, a new manganese sensor was built into a commercial
sublance probe and evaluation tests were made to determine the end point value of manganese in the molten

steel of the converter.

It is believed with the test results that this newly developed probes are well applicable to on-line analy-
sis of manganese during the less-slag refining process of the converter.

Key words : on-line analysis; manganese sensor; EMF method; sublance probe; measurement; process

control.
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Fig. 1. Principle of the Seebeck effect.
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BEZICILL7-2EE (TEMF) 4 CBEIR A5
n 5 (Seebeck R E). Z ORI R L, Peltier IF &
Thomson ZYRIZ &% b DT, WIELBOEBEEN T,>
T, Ok, ZOWMELAMICECLEEEN: Vap 3,
Peltier 423 (745) & Thomson &%k (o4, 05) DIED
fchzons.

VAB=[”AB];‘f+j;Z(UA_ Op) AT wweeveeeeneeseenens (1)

#EEHOREELOHE, ©% ) #ERE (TEMF/

dT) &, MIBERRDE (5,—Sp) & LTH LR,
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Fig. 2. Effect of alloying elements on TEMF of
annealed iron alloy, 100°C.
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Table 1. Chemical analysis values of bar-type
samples at Fe-Mn, Fe-C, Fe-P system (wt% ).
System No. C Si Mn P S
Fe-Mn - 0.017 0.07 0.004 0.003

Ir.
0.018 0.001 0.38 0.004 0.003

1

0.017 0.002 0.75 0.004 0.003
0.017 0.005 1.28 0.004 °© 0.003

|
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0.010 tr. tr. 0.006 0.006

- 0.030 tr. tr. 0.006 0.006

0.200 tr. tr. 0.006 0.006

- 0.540 tr. ir. 0.006 0.006

- 0.690 ir. tr. 0.100 0.008

Fe-P S-10 0.005 0.030 ir. 0.049 0.004
S-11 0.005 0.030 tr. 0.130 0.004

S-12 0.006 0.030 tr. 0.230 0.004

S-13 0.006 0.030 tr. 0.320 0.004

Table 2. Chemical analysis values of bar-type
samples at Fe-C-Mn system (wt% ).

No. C Mn P S Si-
s'- 1 0.055 0.33 0.038 0.015 ir.
S'- 2 0.075 0.31 0.041 0.017 ir.
s’-3 0.144 0.34 0.043 0.017 tr.
S’- 4 0.291 0.35 0.044 0.019 tr.
s’-5 0.486 0.35 0.044 0.018 ir.
S’- 6 0.690 0.37 0.047 0.020 ir.
S~ 7 0.608 0.76 0.047 0.021 tr.
s'- 8 0.193 0.51 0.044 0.020 ir.
s'-9 0.484 0.51 0.050 0.023 ir.
S’-10 0.850 0.51 0.055 0.024 ir.
S’-11 0.640 0.09 0.052 0.025 tr.
S’-12 0.099 0.66 0.043 0.018 ir.
S’-13 0.096 0.84 0.047 0.020 ir.
S’-14 0.075 0.90 0.047 0.020 tr.
§’-15 0.715 0.83 0.044 0.023 ir.
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Fig. 3. Schematic diagrame of experimental
apparatus.
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Fig. 4. Effect of [Mn] content TEMF between
sample and platinum.

AT=200°C

0 0.2 0.4 0.6 0.8 1 1.2 1.4
Z%Mn

Fig. 5. Relationship between [Mn] content and
ATEMF at AT = 200°C.
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- Fig. 6. Relationship between [C], [P] content
and ATEMF at AT = 200°C.
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Fig. 7. Effect of [Mn] content on TEMF between
sample with 0.608~0.690%C and platinum.
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Fig. 9. Schematic diagram of [Mn] measurement
system.
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34, PEICMEE L HMERNEOGHER LS
EH-DORBAKELRYT. T8, TyHELEALD
RWEANELEILEE, 47D (HE 8mm) LA
L LT, Tp, Ty %% 500°C OB HEIERE 2 AT H 12
B L CRENCRL, RERROFEE T - 7.
4-3 BHRAHE

ER 30t BFTOUEEBOMEMA % Fig. 10 1IR
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Table 3. Several types of sampling chambers.

Sketches of Diameter(mm)]  Cooling Speed
sampling Chambers 'O T Du| St | Sn

m 610/ /| \

Type

5
Al k
Duv Dw
R R
= 66| /| /
DL _DH
- s;.'-'.-.‘?:'h@—k-\
C mm\<§ 619 /™
Du Du
X
D : 88| Base
E 88| —| .~
F 111 ]|}
Lead
Transduser— Calculator PCI)Or;:\gsuier
Sublance Recorder
|
Probe
Mn-Sensor
Fig. 10. Schematic diagram of measurement
system.
Table 4. Measurement conditions of sublance

probe.

Measuring parameter M. T.,C.D., Ty, Ty, TEMF
Measurement time
Immersion depth

Immersion time 5s

1-4 RBRERIUEE

SR 2 B kA % Fig 11 W2Rd. KiE, T,
Ty DEAL L FDREZE KT 5 TEMF O#RE{LE
RLTWA, B e LT, 400~500°C 35T T., Ty
DEHERICEREAR SN, FORI%T TEMF 0%
BN S.
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Fig. 11. Typical output traces of T, Ty and
TEMF.
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Fig. 12. Typical output traces of T..
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Fig. 15. Cooling speed at several types of sam-
ples.

Table 5. Optimum conditions of measurement for
[C] content.

[C] range [Cl=0.2% 0.5%=[C]=1.0%
Cooling speed ° °
(at 500°C) sl =0l
Temperature range 30%;202;9 20;)‘; <50%}C
TL, Ty TL > Ms TL > Ms

oTWh, HMTRT A CO Ty DGEEE O LE
Th, ¥V TIWVOFED TNV T UAEIC XD GHIHE
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NS DRERDS, ¥ TN OTFillA Fig. 14 @
CCTHICX D EETH 5.
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(BB 5 A7), 7294, 78—=F5 14 b, R=FA1 },
TNT A P OBHLMEIIC 2D, ¥4 T F (R
A7) &, 7294, =514 VlERICR 5.
BT T, Fig. 14(2) WRT LI, 47 A
(BB A7) &, =54, wNF 44 MR E
Y, 4T FREsA7) &, H—%, -4 4
s,

hon, 3y 7V EY—tT 57200 [C] g
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Fig. 16. Effect of [Mn] content at 0.68~0.73%C
relation between TEMF/AT and T,.
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Fig. 17. Effect of [C] content at 0.5%Mn relation
between TEMF/AT and T;,.
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