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. Studies on COntamination of Thermocouples Used for

Continuous Temperature Measurement of Steel Bath.

(On the continuous immersion pyrometry of molteu steel—II)

Shinsaku ONODERA, Yutaka ARAKIDA and Noboru HirRAOKA

Synops1s

In the first  report (Tetsu-to Hagané 47 (1961) 11,

p. 1982~1988), the authors described

the continuous immersion pyrometry ‘method of molten steel in ladle and some results
thereof. “ In order to establish thlS method, it was neccessary to keep the degree of contami--
. nation of thermocouple elements as low as possible. .

To obtain high accuracy of actual measurement, the contamination of every thrmocouple
wires used for each measurements is studied by the measurement of the drop of e.m.f., the
examination of the distribution of parasitic ‘e.m.f. and the spectrographic analysis etc. And
the tentative method to caluculate the error which was appearing during the actual measure-
ment was considered. The main results obtained by these studies were as follows::

(1) Value of parasitic e.m.f. on the PtRh element is positive.
characteristic of the contamination for this. case.

This seems to be.the.

(2) The error which is appearing during- actual measurement can be caluculated by the

‘next formula

AT = Z {4T;i(Epsi— EPtRhi) /1000F ;}

(3) The degree of contammatmn of thermocouple elements depends ‘on a temperature
d1str1bu1:10n along the wire, diameter of the wire, the insulating and protecting tube.
- (4) To attain to the lower degree of contamination on the thermocouple elements and
the lower cost of measurement, it is better to use a wire of smaller diameter.

(5) Itis de51rab1e to av01d the successive use of thermocouples for a high-accuracy

measurement
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Table 2. Caluculation of the error generating at the last stage
of the ist measurement in a 25t ladle.
; Range ATS ‘ ‘Parasitic e.m.f. (mV) F; Error
Q N B o [o]
(mm) C) Ept; Eptrhi Epti~EpiRh i (mV/°C) C)
1 0— 10 10 ' 0°390 - 00002 0°388 1307 0°283
2 10— 20 12 0271 0+002 - 0369 138 0°320
3 20— 30 18 ) 0°212 0°002 0°210 138 0274
4 30— 40 32 - 0°176 “0°002 0174 1348 ,0°348 -
5 40— 50 48 - - 0t147 0°+001. 0°146 13°9 0°525
6 50— 60 43 0126 0+001 - 0125 .. 13°9 - 0387
7 60— 70 43 0107 0*001 0106 -13°9 0327
8 70— 80 - 42 0°088 0+001 - 0087 139 0°265
9 80— 90 43 ) 0071 0001 0°070 13°9 0215
10 90—100 39 ) ) 0°059 0°001 - 0°058 13°9 0164
1 100110 41 0045 0°001 0044 138 0°099
12 110—120 43 0°034 0°000 0°034 © 137 -0°110
13| 120—130 o442 . 0024 0°000 0°024 136 0076 -
14 130—140 43 0°015 0°000 0015 134 0°047
151, 140—180 41 0008 0+000 0°008 132 0°025 -
16|  150—160. 39 0°003 0*000 0°003 131 0°007
17} 160—170 34 { .+ 0*000 0°000. 0°000 13°0 0°000

17 B -
AT =3 {(Epsi—Epirni) 4T1/1000F7} =3°472(°C )
i= i ‘ s :
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~ Table 3.

Results of spectrographical analysis of thermocouple wires used for

contmuous 1mmerswn pyrometers.

Distance from Contaminating elements . ' :
hot junction ?ﬁfﬁgﬁ;ﬁ&i : : . ‘ Parasitic e.m.f. (mV)
(mm) G 1. Ca Si | Mg Fe | Al Rh |
5 Pt |44+ F | |+ 4|+ 4| N 0105
1 RtRh e I STl N S I A S IR 07018
0 | Pt |+t |+ + + + Nil 0°006
S0 . Pt |+ Nil | Nil | Nl |+ Nil 10°000 |
PtRh -+ Nil Nil Nil . |- Nil 0°000 -
4+ -+ Strong, ++: Medium, +: Weak, -.-: Not tested. ’
_ ¥ , ~ et ek B kg p g : o
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Fig. 7. Difference of contamination caused
_ by difference of quality of the insulat-
ing tube.
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On D1ssolut10n of Water Vapour in Molten Slags

Synops1s

Mitsuo IMAI

Hirosi OOI and Tosihiko Em1

The solub111ty of hydrogen in a synthetic and bas1c open hearth steelmakmg slags of
molten lime-silica-iron -oxide system has been determined experimentally.

The hydrogen absorption of these slags is rapid. After the beginning of reaction, the two-
thirds of the equilibrium hydrogen is absorbed within ten minutes, and only one hour is
necessary to reach equilibrium. The solubility of hydrogen in slags is in:reased .in propor-
tion to the square root of the partial pressure of water vapour in the atmosphere with which

slag stands in equilibrium, and also is increased with rising reaction temperature

The heat

of solution of water vapour into slag is about 13 kcal/ mol.

“The effect of slag basicity on hydrogen solubility is remarkable.
greater than unity, solubility is increased linearly -with ‘rising basicity.

In the range Ca0/SiO,
The solubility

reaches the minimum when CaO/SiO;'is equal to unity, and in the range CaO/SiO; less

‘than unity, is increased again with falling CaO/SiO,. -

But, when slag contains much amount

of iron oxide, the solubility does not increase in the range CaO/SiO, less than umty
Comparing the experimental results of synthetlc slag. stud1es with results from industrial -

heats, a good comc1dence has been obtamed
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