BRI

)1 ey S Bk 7
KAWASAKI STEEL GIHO
Vol.5 (1973) No.1

BIMFHERICBIT 57 7 AL-P « TV ALVEERIOHIE
Negative E.M.F. Drift of Chromel-P-Alumel Thermocouples in Reducing Atmospheres
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Synopsis :

An investigation was made on the cause for a rapid negative e.m.f. drift of industrially
used thermocouples in the hydrogen atmosphere mixed with dissociated ammonia gas
at constant ratio and on the development of e.m.f. negative drifts of thermocouples in
the hydrogen atmosphere with its temperature and dew point controlled at pre-set
points. As a result, it was revealed that the e.m.f. negative drifts were caused by the
forming of a internally oxidized layer on the surface of chromel-P wire in such a manner
that Cr was preferentially oxidized in the layer, and also a rapid negative drift of e.m.f.

was noticed at 1100°C and -20°C~-40°C dew points in the hydrogen gas atmosphere.
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An investigation was made on the cause for a rapid negative e.md. drilt of industrially used

thermocouples in the hydrogen atmosphere mizxed with dissociated ammonia gas at constant ratio and

on the development of e.md. negative drifts of thermocouples in the hydrogen atmosphere with its

temperature and dew point controlled at pre-set points. As a result, it was revealed that the e.mf.

negative drifts were caused by the forming of a internally oxidized layer on the surface of chromel-P

wire in such a manner that Cr was preferentially oxidized in the layer, and also a rapid negative

drift of e.m.f. was noticed at 1 100°C and —20° ~ —40°C dew points in the hydrogen gas atmosphers,
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(1} New Alumel x50 (‘i% )

Table 1 Deviation of used Chromel-P-Alumel couple from standard (°C)

Sample No.
Thermocouples
1 2 3 4 5 6
Used Chromel-P vs used Alumel —260 —80 < -350 —65 —260 —75
New Chromel-P vs new Alumel - 5 —10 - 5 0 0 0
Used Chromel-P vs new Alumetl —-275 -8 <-350 —80 —275 —80
New Chromel-P vs used Alumel + 5 4] - 10 + 5 + 5 0
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(2) New Chromel-P x50 (71%7) {5) Center of used Chromel-P %500 (

{4} Used Chromel-P

(3) Used Alumel x50 (i) (6) Middle layer of used Chromel-P x5
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Photo. 1 Cross section photomicrographs of thermocouples
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Table 2 Chemical analysis of used and new thermocouple wires

Compeosition (wt %)
Thermocouple wires [— .

Si Mn Ni Cr Al
New Alumel 1.03 2.88 93.2 <0.01 1.87
New Chromel-P 0.40 0.01 89.7 9.41 0.02
Used Alumel 2.30 0.29 96.5 <06.01 0.02
Center of used Chromel-P 0.42 0.02 80.8 9.63 0.01
Surface layer of used Chromel-P 0.47 0.10 82.9 8.33 0.05

Table 3 E.m.f recovery of used thermocouples from which surface layers were removed (°C)

Sample No.

1 2 3 4
As-used thermocouple — 250 —150 —200 —-70
After removing Chromel-P
+ 5 + 5 + 5 Y

surface layers
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Fig. 1 X-ray diffraction chart of used Alumel surface layers
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Fig. 2 X-ray diffraction chart of used Chromel-P surface layers indicated negative e.m.f, error 150°C
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Fig. 3 X-ray diffraction chart of used Chromel-P surface layers indicated no e.m.f. drift
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