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Pressure Effect on Thermocouple Electromotive Force:
Experimental Studies Using Multi-Anvil Apparatus and Synchrotron Radiation
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We developed a method to determine the absolute pressure effect on thermocouple electromotive force, based on a
single wire method using Kawai-type multi-anvil apparatus. In this method, pressure conditions along the wires were
evaluated based on in situ X-ray diffraction using synchrotron radiation. The pressure effect of the Seebeck coefficients
for materials of type K, D, and R thermocouples were determined up to 16 GPa and 1173 K. The difference between
the nominal and real temperatures was large especially for type R (=75 K at 13 GPa and 873 K). Recent technical
developments enabled to conduct similar measurements above 20 GPa. The accurate evaluation of error in
thermocouple nominal temperature would be highly important in many research fields including geophysics.
[pressure effect, thermocouple, electromotive force, single wire method, Kawai-type multi-anvil apparatus,
synchrotron radiation)
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Fig. 1. Schematic illustrations of the single wire method in this study showing temperature and pressure distributions along single
wire (a) as a function of position and (b) in P-T space. The electromotive force (EMF) of thermocouple single wire is measured by
electrical circuit shown in top of (a). Reprinted and modified with permission from Ref. [8].
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Fig. 2. Single wire EMF (Esw) of W3Re and W25Re at a press load of 300 tf (P = ~6 and ~2 GPa in MgO and AlL:O;s sides,
respectively) as a function of elapsed time. The red and blue lines indicate data for W3Re and W25Re, respectively. Arrows indicate
the period during which a series of X-ray diffraction for each metal were carried out. Reprinted and modified with permission from
Ref. [9]
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Fig. 3. Pressure effect for the Seebeck coefficient (ASp) of (a) Pt13Rh and (b) Pt as a function of the pressure. The inset plot in (a)
is a magnification of the low-pressure portion. The solid lines, dashed lines, and dotted lines indicate the results from Nishihara et
al. [10], Getting and Kennedy [1], and Bundy [2], respectively. The width of each line for Ref. [10] indicates the 95 % confidence
interval. The data of previous studies [1,2] in (a) are for Pt10Rh. The black, blue, green, and red lines represent 7= 300, 573, 873,
and 1173 K, respectively (data from Ref. [2] is the average in the temperature range between room temperature and 100 K above
that). Reprinted and modified with permission from Ref. [10].
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Fig. 4. Difference between the nominal temperature (7nom) and real temperature (7real) for various types of thermocouples under
high pressure: the blue, red, green, and black colors indicate type K (chromel-alumel, [1,8]), type D (W3Re-W25Re, [9]), type R

(Pt13Rh-Pt, [10]), and type S (Pt10Rh-Pt, [1]), respectively. Numbers attached to the lines are temperature. Reprinted and modified
with permission from Ref. [10].
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Fig. 5. (a) Schematic illustration of a cell assembly used for experiments at higher pressures: a cross-section perpendicular to
incident X-rays. (b) X-ray radiograph, and pressure and temperature profiles along W3Re wire at press load of 7 MN and center
temperature of 873 K. Wires are observed as shadows. Positive and negative values of position AY indicate the Al2Os and MgO
sides, respectively. Pressures of the single wire in Al2O3 are lower than those in MgO, while the temperature distribution is almost
symmetric.
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(19H00723) OBk E 2 T2 b D Th 5,
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