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Effect of Pressure on the emf of Chromel-Alumel and Platinum-Platinum 
locI Rhodium Thermocouples 
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.\ diJTcrcntia1 techniq\lc has becn \I~d til measure the al,soilite e!Teet of prl'''~lIre on the cmf of Chromei­
.\ llImel and I'l·· I'II(JI{h tl1<'rtll()COlll'k~. The cxperiml'nl, II"lTl' conducll'd ill a solid pn'SSIIrl: medium 
pistun- c}lindcr apl'a ra lll ~ 10 .,5 U,ar and 1000 C. LXlrap"l:tliuil of the,c d:lla "hows Chrome! .\1ul11cl 
10 rcad a, much a, lX' C high al Sll kl,ar alld 120We and 1'1 l'tll)[{h as much as 2~oC low at 50 khar and 
2000"C. (jraphs arc IHl'St'nll'd which "holl' cOITl'clion \'ollat;l' \'('rsus tCllIpcralnrc for \'a rious pn:s,urcs. 

INTRODUCTION 

The problem of temperalure measurelllcnt in high ­
pressure sluu ies has become more aCltle as the range of 
accessible pressures and temperatures has cxpanded. 
The high strengths requireu to contain tens of kilobars 
has led to extensive use of inLertl;tlly heated pressure 
cells. Such cells require tcm,pera ture lllc,lsuring tech­
niques capable of accurately sensing interior tempera-
tures through large temperature and prcssure gradients. 
);'0 such tcchnique has yet proven to he free of problems. 

By far the besL technique lo date is the USc oi thermo­
couples. Their small size and s implicit~· make t.hem 
particularly \I'e11 suited to high -pressure work. Although 
thermocouples ha\'e been s tudied extensi\'e1~· al room 
pressure, their beh;tvior in typical high -pressure en­
\'ironments h;t5 not been wcll dctermincd. 

T!~,c I"..i"f vf (\ llu:: , JIIULUlIpie arises ironl the tClllpera­

t ure depcndence of t he Fermi energies of t hc metals 
which make up the thermocuple, Because the fermi 
energy of a metal is pressure sensitive, thc calibration of 
a thermocouple changes wit h pressure, 1 nsu nicient 
progress has been made in the t heoret ical underst anding 
of the thermoelectric effcct to accurately predict this 
pressure dependence . A review of some of the efiects 
involved here is presented by Bourassa et at. I 

This paper presents our measurements oi the ab-
solute corrections for the eO'eet of prCS!:illfe on Pt­
PLlORh and Chromcl-Aluml'l the:rmocOllpl.:s extrapo­
lated to 50 kbar, and the maximum usable: temperature 
of each thennocouple based Oil detailed mca"urements 
to 35 kbar and 1000°C. 

EITects other than pressure contribute to the change 
in calil)ration of thermocouples as they arc (,()Illmon ly 
used in high-pressure applica t ions.2 Among these are 
cold working of thc therllloelemenb, electrical shunt­
ing, diffusion between thermoelements, and chcmical 
con tamina tion. 

Figure 1 shows schematically a typical It igh · prcssure 
thermocouple installation. The high-temperature junc­
lion and parL of th e wire, o\,er which a sub!:itantial 
fraction of the temperature drop occurs, are subjec ted 
to pressure, The thermoelectric cmf's genera tcd in these 
pn'ssurized sections of the thermocouple difier from 

int mduCl'd ;tt thl' pl'L'ssure seal where the compressed 
and u ncolllpn:ssl'd scglllcn t S of the t herllloelemen t \\·i rcs 
I1l CC t. 

The \'oltage of a thermocouple may be thought of a~ 
bcin~ generated over a given temperature interval 
wiLhout specific reference to the junction (Peltier) 
and ~radient (Thompson) emf's separately : 

( 1) 

wlicre To and 1'./ are the rcfen:ncc and hot junction 
tempera tures, respec tively . The relative Seebeck co­
efficient (fnb includes both the junction and gradient 
elTects and is comlllon ly known ;tS the "thermoelectr ic 
pOWI'r." The emf of a thermocouple is given by all 
in t cgral over tempcratu re of somc coefficien 1 (J"b \\'h ich 
d("!)('nr1~ hnth AI" P!·~~~'...!!·~ :!!"!d ~~,~-::;;:.;:·~~turc. T}iu~ l~l\-, 

emf i~ L'fiected by the composition and/ or the state of 
stress oi the t.hermoelcments onh' \yhere there is ;t 
tell1perature gradient. 

The effect of prcssure is to modify this cocllicient 
o\'(:'r the temperaturc interval which takes place uncler 
pressure. Thus Lhe emf of ;t pressurized lhermocouple 
is gi Vl'n by 

(2) 

where (f'"b is the pressure-modified Sc(;beck coeflicient 
and Ts is the pressure seal temperature, 

Th e effect of pressure is the amount by which the 
scwllcl tcrm di riel's from the emf which would have lxt'tl 
produced at 1 alm O\'er the same tempcrature range: 

(3) 

This is the voltage we seek in preparing corrcction 
tables for thermocouples used at high prcssure . 

The relative Seebeck codTicienl applies (0 a pair of 
thcrmoelcments (/ and b. It is the clitTerence of two 
alJ~o l\lte Seebeck cOCtliCicllls, (;«cb of which applic:> to 
onl~' one thermoelcll1ent: 

thosc gencr:lt<:cI at 1 atm, l\lso, new junction cmf's arc Tht.: 
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voltage change introduced I)\' pressurizing the 
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