Rig#E 7 ) — 7RBICHER L7 PR ABHOLER IS - EEHR » 665

IR 2 1) — 7388 L7 PR 241
DHLER & 125> & EH

PG #iE™ - G

By HR*

© 1989 ISIJ
11017

i 3

1H11HH11111111017

BAY - {LEH W
CEl BT EHP TR

Origin of Drift in PR Thermocouple after L.ong-time Creep Testing

Synopsis :

Yoshio MONMA, Hiroshi ITOH, Mitsuru EGASHIRA,
Eiji BaBA, Hideko MiyazaKI and Chiaki TANAKA

The drift (or decrease) of electromotive force (EMF) in the calibration of PR thermocouples used for
long-time creep testing at various temperatures up to 100 000h in air is investigated. The magnitude of
resistivity, o, which is considered to be one of indices to the inhomogeneity of thermocouples, and its dis-
tribution from the measuring junction are measured. The change in o together with the results of X-ray
diffraction and spectroscopic analysis indicate that the inhomogeneity is very small in Pt but considerable

in Pt-12.8%Rh limbs.

The oxides found on the surface of thermocouples with notable drifts are the mixture of RhyO3 types.
The effect of drift on the measured temperature is rather small if the ratio of immersion depth is less than
unity (when it is more than unity, the scatter in the drift among thermocouples after virtually same times is

pronounced).
evaporation of Pt and Rh elements.

For the thermocouples used 30 000 to 50 000h at 1 000°C the drift is also responsible to the

For the thermocouples with the immersion depth of 250 mm, the annealing treatment is effective to recov-
er the drift provided that the test temperature is below 500°C ; above 500°C it is recommended to cut off a
part of thermocouple limbs up to 100 mm from the measuring junction in order to get the complete recovery

of EMF.

Key words : creep test; temperature measurement ; PR thermocouple ; calibration drift ; oxidation ; immer-

sion depth ; resistivity.
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Fig. 1. Example of the calibration drift of PR
thermocouples.
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Fig. 2. Equivalent circuit for the measurement of
resistivity.
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Fig. 3. Resistivity change in PR thermocouple
limbs used at 600°C for 120 000 h. '
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Fig. 4. Resistivity change in PR thermocouple
limbs used at 650°C for 73 000 h. :
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Table 1. Example of the drift in calibration for PR thermocouple limbs at various temperatures.

Thermocouple limbs after creep test

Temperature (°C) 450 650 800 900 1000

Test duration (h) 119 000 102 000 104 000 39 000 48 000

Thermocouple limbs Pt Pt-Rh Pt Pt-Rh Pt Pt-Rh Pt Pt-Rh Pt Pt-Rh

Reference TC Pt uV) 3 3922 0 6 065 4 7822 1 9118 1 10 397
limbs Pt-Rh (V) 3924 5 6148 85 7930 113 9177 61 10 481 86

EMF of reference TC‘ (nv) 3927 6149 7935 9179 10483

EMF of TC (uV) 3919 6063 7818 9116 10396 -

Total calibration drift (WV) 8 86 117 62 87

TC : Thermocouple EMF : Electromotive force
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N EREED Pt ZR L RERE O Pt-Rh ZHO
ALY THE SN BEBNOEIIHYE T L EIRE
HEFRLCWA. A Pt-Rh BROBES, HLE
BREWE EFRITE, Pt ZEROBE L RBROERD
BohTnb.

B, XEHRENII, OTAREREREOCEEIZLS
AYEE AR 729012, EBRICEL HATR TR~ 7R
BB &R L& TR EITOLY,

L7472 T, PRZABMOLLERIEFEE LT Pt-Rh
EHRIZHY, Pt ERIZIEIEACHLICEAS LTV W
ZENbLL. FIT, LRIZEIC Pt-Rh FHROAY
BE L HILDOBBRIIOVWTHRNS,

4. PR BEHOLLERDREH

BB OMARE-FHER, EHRNG, RURKRER
YER LT, BRENEROBILLEFAY L LISERT S
ERBUOBEDITLD X2 RITONBE LTS,

4-1 BEXNFEFHEROMER & HEOER

600°C TR L 724 Ext » Pt-Rh FEHD o H3K & <
ZALT ABEREFASSL DI, TR VF—SEX BN
% (EDAX) 12X, #1275 hfEH L T 47uV 1L
L7z Pt-Rh E#OFLEHMIZES Rh 8T H~.
ZOER, FEHPRIBL Y bEEEET Rh 2981 (3
~5f%) ENTEYH, Photo. 1 IZ/RT & I 2, ?ﬁgﬁiﬂ
FERRSTICALE L Cva 7z Pt-Rh R (RS X D 10~
15 mm) RELHED SHES 25~40 pm HE T T Rh OB
LW HER L TWD, 20X 2B O 541,
650°C KBV T HMEAREICE H ST/ Pt-Rh
FRIZOATD SN, TO XD 2B S BEE,

Photo. 1. Oxide penetration observed in a Pt-Rh -
limb used at 600°C for 120 000 h (SEM).
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Photo. 2. Surface microstructure of PR thermocouples (SEM).
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Fig. 6. Effects of the test duration and the
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Fig. 7. Example of a calibration history for PR
thermocouples used at 600°C
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