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MEASUREMENTS OF TEMPERATURES ON THE
TGHIATIONAL DRACTICAL THVPERATUHE SCALE

by
Mono M. Manna,

ki

SUIMMARY

The work described in the thesls was undertaken as part of
a8 programme of raesearch into the thermodynamlce and transport properties
of steam, and deals with two aspects of measuvements of temperatures on
the International Practical Temperature Scale.
Lo in Section 1 the investlgation deals with the reproducibility
of Platinum: 10% Bhodlum«Platinum thermocouples at the freezing and
melting points of sllver. The experiments are carried out with
5 thermocouples, 2 fyrom Jolmson, Matthey & Co. Lid. and 3 from Balker
Industries Litd. Using appropriate techalques the plateaus, with a
duration varying from 30 minutes to 45 minutes depending on the rate of
freezing and meliing, remain constant to within T ¢,07 #v (¥ 0.0079C)
during freezing and ¥ 0,12 MV (¥ 0.012°C) during melting. The agreement
between welts and freezes fall within % 0.05 MV. The cooling curves
show reasonably good Tlats and the melting curves show in most cases a
steady rise ol less than 0,01 }*VVMinute. The best thermocouple shows
a reprodueibility of the order of * 0.09 MV; equivalent to ¥ 0,0090C
over I freezes and % Q.22 MV; equivalent to % 0.0220C over 4 freezes awd
5 melts, The factors llmiting reproducibility are considered o be the

electrical measurements, btemperature conditionsg in the furnace containing



ProQuest Number: 10656405

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 10656405

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, MI 48106- 1346



-

the ingot and the homogenelty of the themmocouple wlres.  The presence

of strain, original or vequlred, appear to be the main caugse of uncertainty.
2e Section 2 deals with the calibration of a Platinum: 10 Rhodiume
Platinum thermocouple by direct comparison with a standard platinum
vesistance therumometer at or near 630.5°C. The vacuum furnace speeially
desimed for this purpose takes about 3 hours to attaln the above
temperature and this temperature is maintained stable within ¥ 0.1°C
during cach run oy experiment. The temperature distribution along the

axls of the fummace is voasonably uniform at the centre (0,05°C over

23" length) where the sensing elements of the thermocouple and the
reslstance thermometer lle. The e.mefs against the temperature curves
show the same type of velatlonship for both the thermocouple and vesistance
thermometers The calibrated e.nef. values of the thermocouple from two
runs Lie within % 0.1 MV: equivalent to % 0.019C, the same agreement

being found from the resistance thermoneter measurements.

Theasis subnitted for the degree of M.8c.

October, 1964,
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(1)

INTRODUCTION

The work éeﬁcribed in this thesis forms paft of a prograwme
of research on the properties of aﬁeam. for the me&éurement of
both thermodynamic and‘transport properties, the measurement of
temperature is of great imporitance since many properties depend
largely oﬁ tegperaturea Although temperature is an important
factor in the determination of such transport properties as viscosity
and thermal conductivity, the scale to which observed tempevaiures
ave actu&lly referrqﬁ, is not a critical factor. However, in the
cage of the &eﬁerminaﬁiOn of tﬁermodynamio properties there is a-
gpecial n@ed to be able to relate actual observations to the
International Seale of Pempewature and thence to the thermodynemic ox
absolute scale., The precise relation between these two scales is notd
internationally agreed, although, in due course, such agreement may
be reached. At that time it will be possible to correct observations
on the I.5.'0. o the thermodynamic scale and in the case of precise
and seientific work such a disbtinction may be important. Keenan (40)
observes that it is not the difference between the two scales thatb
is impoxrtant bubt rather the ratic of the derivaetives. Using
Beattie's measured values he estimates the departure from unity of
the ratio of derivatives as 1/2500 in the range 0°C to 400°C. 8ince
gome of the best calorimetric measufémenﬁs (N.B.8.) ave estimated to
have an accuracy of 1 part in 2000 or betier, the vrelationship between
the iwo temperature scales could be important, especially at elevated

temperatures (6Q0°C 4 L000°C) vhere a large discrepancy could ocoux.



(i)

Although it is not practical to make measurements dirvectly
on the thermodynaniic scale, 1t is neceasayy to overcome this difficulty
by relating the neasurements to another scale which is internationally
“reproducible (I.P.5.T.), from vhich follows the need to establish «
soales (iu Glasgow) the I.P.5.T. The work describéd herein is
asgociated with this endeavour and deals with $wo aapects of the
programne, namely.

(1) The weppoducibility of platinums 107 rhodium-platinum
thermocouples at the silver poiunt.

{2) Calibration of platinum: 104 rhodiuvm-pletinum
thermocouple againet the steandard platinum resistance

thermometer in the vieinity of the antimony point (630.590).
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LIST OF SYMBOLS

Unless otherwise defined in the téext, the symbols used

here have the following meanings:i-

!).,B,‘C, 3913,0

fr

Congtants

Length

Oufer diameter

Inner diamceter

Freexing

Melting

Hlean e.m.f., during each melt or freeze

Time range of each melt or freeze

 lewimuwm or minimum deviation of

L/ﬂéﬁgyover At
Resistance
Temperature %q
Absolute bemperature
Microvolts

Entropy
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CUAPTER 1

l.1 REVIEYW _OF LETERATURL

The Thermodynamic ¥Xelvin scale on which temperatures axre
designated as %% and denoted by the symbol T is recognised as the
fundamen§a1 scale to which all btemperature measurements are féfarred.
The aizé;bf thé degree Xelvin has been defined by fixing the
tharmodynamie temperature of thé triple point of water at exactly
273.16°Km itTénth General Conferéﬁee of Weights and Measures, 1954,
Resolution 9) |

The experxmenbal diffzculties @ncountored in the gas
thermometrie neaguremnents of temporatures on the thexmodyndmlr gceale
led to the adoption 1n 1927, by mhe GVenth Genernl Conference of
heights;anu Meansures vrepregsenting 31 natione, of a practical scale
that could easily and rapidly be usged to calibrate scientific and
industrial ingtruments. Blight refinements were incorporated into
the seale in a revision adopted in 1948. This scale was intended
ﬁo'he as nearly as possible identical with the thermodynamic scale.

The secale presented wnder the new title "International
Practiocal Scale of Yemperature" adopted by the International Committee
of Weights and Measures in May 1960, is only an amended edition of
the 1948 scale, the numerical values of btemperatures remaining the
same as in 1948.

Pemperatures on the International Practical Scale of

Temperature of 1948 are expressed in degrees €elsius, designated
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vy °C 0x%) (Int. 1948). The present L.P.8.T. is based on six
fixed and veproducible temperatuces bo which numerical values are
assigned; and on formulae esﬁablishing the relation between the
temperature and the indications of instrumenta calibrated by means
of the wvalues assigned to the six fixed voints. These fixed points -
are defined by speclified equilibrium states, under 1 standard
atnogpheric pressure, except for the triple point of water.

- Bagic fixed points of the Internetional Pracilcal

Temperature Seale

The pressure le 1 standard atmospheve except foxr the triple
point of water.

Tenpexature
°¢  (Int. 1948)

(a) Temperature of equilibrium between
liguid oxygen and its vapour
(Oxygen point) - 182.970

(b) Temperature of equilibrium between ice,
liguid water and its vapour (Triple
point of water) ‘ +  0.010

(c) Temperature of equilibrium between liquide-
water and its vapour (Steam point) 100.000

(d) Temperature of equilibrium between ligquid-
sulphur and its vapour (Sulphur point)* 4444600

(e) Temperature of equilibrium between solid '
and liquid silver (Silver point) 960.8

(£) ‘Temperature of equilibrium between solid
and liguid gold. (Gold point) 1063.0

ke

% The freeezing point of zince 419.50503 (In%. 1948) bveing more
reproducible than the boiling point of sulphur and being
subgtantial independent of pressure is curvently used in
place of sulpbur point.
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The last decimal place given for each of the values of
the primary {ixed poinits represents the degree of reproducibility
of that fixed poiunt.
The means svailable for interpolation divides the scale
into four parioie=
(a) rrom 0°C to the freezing point of antimony (630.5°C)
the platinum resigtence thermometer is used and
the temperature t is defined by the formuls
Rt = Ry (1 + At + Bt2)
relating resistance to tempervature %, based on the
ice point (0°C), the steam point (100°C) and the
hoiling point of sulphﬁr.

(b) Prom the oxygen point to 0°C, the platinum resistance
thermometer is also used and the temperature ¥ is
defined by

R} = Ry [1+at+ 382 + ¢ (4 - 200) +°_|
ffhe constant € is determined from value of %t at
the oxygen point.

(¢) Prom 630°C to 1063°C the interpolation instrument
is the Platinum, 10% Rhodium-Platinum thermocouple
and the temperature t is defined by

e = a+ bb th
velating e.n.f. to temperature %, based on the
antinmony point, thé gilver point and the gold point
of the hot junetion of the thermocoupled  cold

Jjunction being at the ice point 0°¢,
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The Imternational Wemperatuve Scale Critewia for the

platinums 10% rhodium-platinum thermocouple arve

B, = 10, 300 MV * 50 MV

An .
B = Bpg = 15283 MV + Q158 (B, = 103.0 V) o4 opmy
By, - z;c630 r = 4, T66 MV + 0.631 (IB - 10,300/7V) * 8 MV

where LA s L Ag

points of gon, silver and antimony respectively.

anQKEi\Qame the c.mefo's in microvolts at the freezing

(d) Above the gold point optical pyrometry is used and

the temperature t is defined by

[4]
't QXD Z:j g , ‘::]
iwm - A(tAw + T,) _
JAu | Cy -
QXD 7\ Zt " 1@0)

where J4 and JAu are the spectral concentrations at

the temperature + and at the gold point tAu of the
radiance of a blackbody at the wave~length
Gy the gecond radistion constant is 1.4%8 cm. degrees,
L, the ice point temperature in % is 273.15 degrees,
X is the wave length of the visible spectrum,.
The most significant differences in the above scale compared
with the 1927 scale are that the silver point is defined as 960,890
instead of 960.5°C; the value of ¢p is defined as 1.438 instead of
1.432 and the Planck Daw of Radiastion is used instead of the Wien
Yaw. As a vesult of these differences the temperatures as defived

by the 1948 seale are higher in the region between 6309C and 1063°C
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than those of 1927 scale, maximum differences being 0.4°C at
about 850°C and abcveleGBGC they are lower, progressing from 0°¢

‘8t 1063°C to 1.6%C at 1400°¢ and 3.6°¢ at 1700%C.

1.2 Thermocoupl es

The study of thermoelectric phenomena began in 1821 with -
the discovery of Seehéck that an electric currvent flows continuously
in a closed circuit of two dissimilar metals when the Junctiong of
the metals are maintained at different temperatures. Further, in
thet same pewiod, Peltier (42) =nd Thompson (43) showed the
reversible relation that exisbts between heat abgoprtion sand current
flow in the cireuit. Huch later, however, these discoveries were
applied to the measurecment of temperature.

As a result of & large number of investiget-iong of ke
thermoelectyric circuit in which accurate measurements were made of the
Getnaf e, current and resistance, the three laws have heen formulated.

(1) The law of the homogeneous cirvouwit:~ An eleetric current
cennot he sustained in a civouit of a single homogeneous metal,
however varied in seotion, by the application of heaﬂalone.

(2) The law of intermediste metalgs- The algebraic sum

of the thermoelectric forces in s oirouit composed of any number
of dissimilar metals is zero; 4if all of the cirveult is af
wniform temperatura.

(3) The law of successive or intermediate temperatures:=-

| The thermal e.m.f. developed by any thermocouple of

homogeneous metals with iLts Junctions at any two temperatures
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at Ty and T3 ig the algebraic sum of the e.m.f. of the
thermocouple; with one junchion at Py and the other aﬁ; any
other temperature Yo and the e.m.fs of the same thexmocouple with
- its junction at T2 and T3' Gonsidering the thermocouple as a
reversible heat engine and applying the laws of thermodynamica

to the circuit, the following relation is derived (iRefr 31, p.186).

7
3
B = 8 C‘l“l“
Ty

from which it follows that

P 7,
1 u[‘?sm +]5s&u
| P p

1 2
This law is fra%uently invoked in the calibration of thermocouples
and in tﬁé.usa of thermocouples for measuring temperatures. A
alternative treatment may be used {Zemansky (39I]applying the methods
of irreﬁersible thermodynémicé‘to cgtablish the same equatiaﬁu
In the laboratory the ﬁhermncouple is ounneefed to thé

instrument by means of a copper lead as sghown in Figure 1 below.

INSTRUMENT

METAL A c co:;aglﬁ LEADS
/ /’ .,
/4 T~ e _MsTAL B c'\
MEASURING JUNCTION hEFE RENCE TUNCTIONS

' iG. 1.
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The weference junctions € and §1 are maintained at the
gsame bemperature usually at 0°C, the e.m.f. developed by the
thermocouple is determined as a fgngticn of the temperature of the
measuring junction. Iz the‘junaﬁionﬁ ¢ and Gl are not mainitained
at the sane temperature, the resultant thermwal e.m.f. in the circuit
will not énly depend upon thermocouple materisls and the temperaiture
of the measuring junction, but also upon the temperature of these
Junctions and the thermoelectric properties of copper against each
of the individual wires. Buch a condition should be avoided.
Thermocouples provide many advantages as a means of measuving
high temperatures. They btake up little gpace and can be insgtalled in
restricted locations. They are easy to assemble and maintain and,
tecouge of their light-weight consiyuction, offer distincet advantages
in airboxrne applications. If the thermoelectric output is a
non reversing e.n.fy; it is readily subjeoct tb instrumentation.
Farther, in compatible stmosphere the theimal e.mefs is a direct
measure of the temperature and is nob affected by environmental
conditions. Barring contamination of the thermocouple metals, the
expected error of a temperature veading can be stated with assurance.
On the other hand, for an ideal thermocouple wire the
following features must be considered (1) high thermal e.m.f
(2) ohemical and physical stability in the medium under measurement;
(3) linearity in ‘the relationship between temperature and e.m.f3
(4) negligible cold junction correction over the amblent btemperature
renge encountered in services (5) reproducibility of the e.m.f.

~ characteristic from bateh to bateh; (6) ease of fabrication.
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1.2(a) Platinuwm: Rhodium=Platinum Thermocouples

Platinum against rhodiumeplatinum slloys is a combination
for thérmocouples which has been in use for many years as standard
practice. 'Ebb'ﬁhe'aceura{e measurenent of high téﬁ@ératures;
Platihum*gnd its alloys are pnx@iéulakly suitable for this purp&sa
'béoéuae'they have high melting points, are extvemely vesistant to
oxidation at high temperatures and to chemical abtack, and because
they‘éah be vefined to & state of high purity. Other possible
combinations of pl&%inuﬁ metal end alloys gemerate thexmal e.m.f.
appreaiably‘higher tﬁan that givea by the platinumgrhddium-plaﬁinum
thermocbuyle, but no other couple has been found to give equal
stabiiity and length of life over a wide range of temperature.

The two types in general use are those compriging pure
platihum against either a 10 per cent ox a 13 per cent rhodiume=
platinum alloy. The latiter combination generates a slightly higher
elm.f“than the 10 per cent alloy. The physical properties of
pure platinum snd of the two rhodlum-platinum alloys used fox

thermocouples are given below.
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Resistivity at 0°C, micro ohmsg
gentineters

Registance in ohms per %ard
{0.20 inch dia.) at O°C

llean temperature coefficient
of resistance per 0°C
(0. = 1000¢)

Thermal conductivity G.G.S,
wits

Ultimate tensile sivength
tong per sq. in. (annealed)

Elbngaﬁioﬁ (emnoaled) per cent

el ting point

Specific gravity

Thermo R07% 13%
pure Rhodiume [Rhodiume~
_platinun platinum | platinum
9.81 18.4 19.0
0.443 0.829 0.857
0.00392 0.00166 0. 00156
0.17 0.090 0.088

9 21 23
40 30 30
1769 1850 1860
(Solidus) | (Solidus)
21,4 20.2 19.4

. . \ On
Por continuous service a temperature of 14007C is considered as a

maximwm dbut for intermittent work platinums rhodiumeplatinum couples

may be used uwp to 1600°C.

The veproducibility of the temperature - e.m.f. relationship

of thermocouples depends upon the purity of the metals employed

and the homogeneity of the alloy wire.

Platinum, in respect of

its thermoeleciric characteristic, is extremely sensitive to the

glightest amount of impurity and therefore a special grade known as

MMhermopure" platinum is employed.

The puriby of this metal is

measured by its temperature coefficient of resistence from 0°C 4o
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lODQC9 hat ig by the ratio

R100 - Ro

T U R ML TR,

100 x Ho
it bging reguired that the value should be greater than 0.00392.

Por rhodium :
f100 - Ro

~-=>  ghould be 0.00456.
100 x ®Ro

Further much more sevious exrors csn arise through contamination of

i

thermocouples from outside sources and careful consideration should
be given to the choice of sheath and its installation in order to
prevent either errors in calibration or smbrittlement of the wires.
The ﬁaefﬁlhlife of a couple is in fact largely determined by the
efficiency of its shesthing. Alumina sheaths have been found

very satisfactory in service up to lSOOQG.

1.2(b) : Behaviour of Platinum:  Platinuwm=Rhodiwm Thermocouples

at High Temperatures

The effect of high temperatures on platinums: rhodium-
platinum thermocuples was studied by MeQuillan (1) in 1949s and it
hag been found that in air platinum and rhodium are lost by oxidation
and volatalisation. To establish the amount oéf&asses platinumn
rhodium wires were heated electrisally for long periods in alr at a
temperature of 1000°C. Losses were estinmated by changes in weight
and resistance measurements before and after heating. During

22 hours of heating in air the wires produced s thick black powder

deposit and showed a weight loss of 10,3%. TFrom the black powder
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deposit, examined spectrographically, an appreciable guantity of

rhodium was detected but bthe material was mainly platiaum,. N7

has been further observed by Jahn (2) that plaetinum oxidises twice

as rapidly as rhodiuvm in air and hence the loss of rhodium ig also
Erongh

importantﬁto.be considered.

Purther it has been observed by MeQuillen (1) thet at auny
temperature the thermal e.nsfs developed by these thermocouples
ugually decrease after heating in air for a long time. This deorease
in e.mif} is considered to be due to the combined effect of loss
of xhodium f£rom the platinumerhodium element and by diffusion.of
rhodiwm into the platinum wire. The thermal e.msf. is also affected
by the faking up ox rémdval of impurities partiéularly in the
platinuﬁ wire, the effect whether pégitiie or negative depends on
the natﬁr@ of the impurities concerned. Since the rhodiup content
of the wire at the hot junction tonds to increase as a result:ef
oxidation, thé abgerved éeere&sa iﬁ’ﬁhermal ceitefs ON prolomgea
'heatinégmugt be due to tﬂe diffusion effect and the effect of
.impurities which together overcome ﬁhe expécted inorease in thermal
@emefs due to the increased rhodium content at the hotv Jjunction.

One thermocouple heated for 35 days at 800°C showed a
decrepse in c.mef. of 26 MV al 1200°¢ and after heabing ab 145006
the thermal e.mefs of the couple was restored within 4 /#V of its
original value. It is assumed to be due to the formation of rhodium

oxide on the surface of the wire at 4860009 ite subsequent dissociation
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on heating at 1450°C, and the consequent restoration of the wire
to dte original composition. Hlence one is led to the conclusion
that the decrease in thermal ee.m.f. after prolonged heating at &
low temperature is due to the diffusion of vhodium from the platinume
rhodium element at the junction or due to the effect of Iimpuvrities
and that the recovery which ococurs on heating is due to preferred
oxidation of platinum; causing the rhodium concentration at the
Junction to increase and thus producing an opposite effect which
vestores the resultant thermal effect.

Alumina, berylliq and carbon have been found by the above
vorker to have no contamination e effect and could be usged for the

insulators of the thermocouples.

1.2 (e)

The effecots of inhomogenelty of thermocouples and the state
of strain in wires were observed by Selincourt (3)° The lack of
homogeneity in a thermocouple wivre gives rise to a parasatic e.mef.,
if associated with & temperature gradient; the effect being important
in the region of the steep gradient leading to the hot junction,

A wire exhibiting a uniform strain should have a good reproducibility
in addition to showing no variation of e.m.f« when moved in a unifoxrm
temperature zone of the furnace; gince the additional e.m.f. due to
the strained condition of the wire would depend only on the temperature
of the hot and cold Jjunciions and so would form a constant addition

to the total e.m.f. of the couple. Heanuealing, when the strain

renoved partially oy entirely would affect the total e.ndfs but
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would not alter the reproducibility unless it introduced
inhomogeneities into the wire . These were observed by meving
the hot Jjunction along the axis of the furnace. A wire exhibiting
o non~wniforn strain showed a poor reproducibility, since the
parasatioc e.m.f's arising in the non-uniform parts of the wire
will depend on the temperature conditions in the neighbourhood,
wvhich may vary throughﬂthe experiment as well as between different
experiments undey different conditipns, Reannealing will affect
the totel parasatic e.w.f. by a general modification of the state
of strain and in addition the magnitude of the parasatic e.meft's
due to the inhomogenecitieg will be reduced and hence reproducibility

will be improved.
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1.3 Tlectrical Resigtance Thermometera

The resistance thermometer as an instrument for the
precige nmeasurement of temperature had its beginning with the
publication in 1887 of H.l. Callendar's paper on the "Pracivical
Measu&ement of Temperature'. In 1887 C.VW. Siemené (33) had
outlined a method of temperature measurement by means of the
platinum resistance thermometer ox pyrometer. The basic principle
is the change in electrical resistance of a conductor due to
temperature.  The conductor generally used is plabtinum. Sinece it
being a noble metalis more or less indifferent to its environment,
ia easily worked, and cen be refined to lave very little vériation
in temperature coeffiecient from bateh to batch. An outstanding
reagon for the choice of platinum is, however, that the relation
between resistance and tempersture is a simple one, which holds over
a very large range of temperature,

Besistance Temperature Tormulse

Tor the temperature range bhetween 0°¢ and 630.506 as given
in the definition of Taternational Temperature Soale.
Rt = Ro (1 + &% + BtD)

may be written in the Callendar form

Lo R gy . e 1y
b= 2 Ot v 4 A 1S
vhere
1 R4 00 o
of = vg;g; ( e 1) and 'thO = 1007C,
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The relations between the coefficients ave:

d
A = o4( 1% ) of = A+ 3Bt
tloo 100
. 2
8 J | 5 B % 00
Bﬁn‘%‘"“"*ﬂ“?‘“ = 0w .7.
100 o A+ B ‘100

For the range 0°¢ to the boiling point of oxygen as given

in the definition of the scale.

A
Rt = Ro [}.¢-At + B + ¢ (b - 200) ¢ 2
The relations between A, B and o , § are the same as

given above and the other relations are:

4
o (5 € %00

and frm - - _
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In the thermometer the platinum is generally used in the

form of wire of 0.1 mm. in diameter adjusted to have a resistance
at 0°C of about 25.0 ohms so that the resistanee changes by about
0.1 ohm per degree Centigrade.

All resistance theremometers for accurate work are provided
with four leads. They may taeke efther of two forms. The original
design of Callander has two leads to the bulb and a dumny pair of
leads laid along side them. Measurements are mde with Wheatstone
Bridge with equal ratio arms and the dummy leads are placed in the
opposite arm to the bulb coil. In this way, the errors due to
changes in regisgtence of the leads are auvtomatically compensated.

The other type of thermometer, and generally for the most accurate
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work, has two leads to each end of the bulb. The resistance may be
measured by three methodss compavison with a standard resistance
using a potentiometers measurement either with & modified Wheatstone
Bridge and commutator for the elimination of lead resistance ov with
a modified Kelvin double bridge.

Besistance thermometers awve sultable for the measurement
of temperature from - 240°C to. 1000°C with an accuracy of 1°C.  But
for Scoience and Industrial use they are not recommended for temperatures
above 630.5°C. It is known that ﬁhe accuracy of reproduction of
the tempeﬁature aeale by means of a standard resistence thermometer
in the range 0°C = 630.5°C varies between 0,005°C and 0.04°C in
Aiffevent sections of the scale. Above 650.500 prolonged heating of
platinum causes it to vaporise., With the very small diameter of
platinum wire normally used for winding the sensitive element of a
thermometer, the vaporisation leads to a quite appreciable change in
iﬁs cross-gection and thus interfereds with the stability of the
thermometer's chavacteristics. Further Strelkov (41) showed the
vaporisation gradually covers the body of the sensitive elemont
with a conducting film wvhich hy~passes the windinges of the coil,
and thus alters the calibration of the thermometer at high tempersiures.

in spite of these difficulties; the metewrological advantage
of the registance thermometer over the thermocouples has led to its
use for temperature measurements in the "thermomelectric! section of

the scale (630 « 1063°C) using an instrument of special design.
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PIRY I

PREFACQ

The first section gives the results of an investigation into
the reproducibiliﬁy of platinum, 10% rhodium-platinum thermocouples
at the freezing and meliting points of silver. The accuvracy of the
measurenents for reproducibility is considered to be limited by
(1) thelthermo~eleetric homogenei ty and stabilily of materials
forming the thermocouple, (2) the temperature distribution in the
furmace céntaining the ingot and (3) the accuracy of the electrical
measurements. The state of sitrain and contamination of the
thermogouple wires weré found to be the maiﬁ sQurges of.errors
and it wag difficult to attain & temperaturé distribution along the
axis of the ingot better than 0.1 MV/cm. (0.01%/cen).  fhe acourscy
of the electrical measurement was of the order of ¥ O.Dldf‘V“(O.OOlOG).
Congidering all these factoré the expected reproducibility from

the freezes is of the order of ¥ 0,1 MV (= 0.019)
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CHAPTUR 2

RESULTS OFF BARLIER WORFERL ON SILVER POTNY

2+1 Several investigetions on the gold and silver points were
made in the early period of development of the gas thexmometry. The
most precise ones arve those by Holborn and Day (4) in 19013 end Day
and Sosman (5) in 1910. The gold and silver pointsg were shown by
Holbhorn and Day to be 1063.5°C and 961.500 respectively ﬁith?&ecuracy
% 0.8°C. The values in the measurements by Doy and Sosmsn were
1062.4°C and 960.006 respectively with an aecurécy the same ag that
of Holborn and Day.

2.2 Selincourt (3) investigated in 1939 tha¥ reproducibility

of Platinum: LO4 rhodium~platinum thermocouples at the freezing
pointa of gold, silver and antimony. The observations using an ingot
ghowed that with gold, during freczing and melting, the readings
remained constant to £ 0.l /‘V and the agreement between melisand
freezes also fell within this limlt. With silver, the cooling
curves did not show good "flats" and in particular the melis were

not reliable, in which case thore was a steady rise of about 0.1 MV
per minute. In the case of antimony, it wag not possible to obtain
e melting curve with aﬁgfbwer than about O.9f4V/min. and the
calibrationys were confined %o freezing points. Further, owing to

the very lorge uwndercool exhibited by this metal, the flat portion

of the cooling curves after the undercool were in general very short.
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The best thexrmocouples selected from a large number
calibrated, gave veproducibilitics of the order of £ 0.05 MY
(311, 2F) for gold, & 0.1 MV (4F) for silver and £ 0.LKV (4T)
fér antimony: in brackets, the number of metls and freegzes are
taken into account. Other inferior thermocouples showed a continuous
féll of 4.8 MV in the ecase of 12 successive calibrations al the
silver ﬁaintc One cauéle whlbh had fir t shown at the silver point
a2 high consc%ncy (agrecing to # 0.1 /‘V over 2 freewes), developed
lﬁt@r varlaticnq (ngrecing to & 0.2 MV over 4 freezes but with a
mean value 2.0 j;v below the form@r value).

2.5 C.R. Eﬁrber (6) published in 1950 the results of hig c.m.f
témpexa@ure calibraﬁion of 12 platinum: 104 rhodium-platinum
thermocaup]es, gix Prom each of two manufacturers, over the range
from 0°C to 176000. At the freezmﬁg point of silver, using a
pilver ingot, observafiom vas made on each of 12 thermocouples in
turn. The reporducibility of the e.m.fs 0f the thermocouples from
one freeze of gilver to another was within 1 microvolit, eguivalent
%o better than 0.1°C. The uniforn temperature condition along the
axis of the ingot was given to be 0.2 mierovolts/2 e The depasritures
in e.m.f. of the couples of each make from their own means was ghown
to be within & 0.5 }4V at the silver point and the accuracy of the
measurenents wos ecsbtimated to be T 0.19C up té 1063°¢.

The wesulis of ihterpolateﬂ values obtained by using the
quadratic equation e = a + bt + etg, and based on the e.m.fs values

at the freezming points of antimony, silver and gold, were compared
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vith those found by measuring with platinums 104 rhodium-platinum
thermocouple at the same bemperatures. It was shown that at the
temperatures of 750°¢C, 800°C and 85090 the interpolabed values were

in emcess of the values obtained by measuring with the thermocouple
by only 1.l and 2 /AV respectivelys Thug Barber showed thotb
platinoms 105 rhodivn-platinum thermecouple is a suitable standaxd
ingtronent for realising the intermational temperature scale over

the zange 630°C to 1063°C.

2.4 On the Thermodynamic Temperature Secale, Qishi, Awano and
Mochizuki (7) determined, in 1955 using gag thermomebter in conjunciion
with platinum: 107 rhodiwm~platinum thermocouple, the tomperaturé of
gold and silver pointe. FPor a constant volume gas thexmometer enclosing
a Qefinite mass of pgaos, the temperatuxe ¥ on the Kelvin scale igo

detormined from the zelation

nt
1 1+ t 9 Tn?
PR VA Tvgp] p = 0416 Lo ™/

-
t

1n

1+ p(p, = 0a76) + 2/ [ V5,7 p = 076 gni vo /T,

The derivation of this equation is expleined in the paper of the
above authovs.

Difference of temperatures in the neighbourhood of the gold
or gilver point was determined by a standard thermocouple, for which
the temperatuve-c.m.f., relation is expressed by the equation
, 2
e = a + bk + ot

vhen from the characterigstic of a thernocouple the following relations

are deprived
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Ty = T = % b ( € e,) x 0.0853
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for a temperature near the gold ox silver point respectively. Waere

Can? eﬂg

poind tag and & toempervature b neaw tAu or tAw respecetbively, + beilng
v ]

in °¢. Therefore TAu oY Eﬂw on the Theormodynamic Tenperature Seale

(&

and oy ave the c.m.fo's at the gold point by the silvex

can be determined from the gos thermomelric measurements ab
tenmpevature T near the gold and silver points respectively.

The result of measurements taken over % months showed the
mean value of Eﬂg to be 1254.4§GOK (961.28000) with standard mean
deviation of 0.0%8%C¢ and that of TAu to be 13536.836%K (1065.68006)
with the standard mean deviation of 6.03600. Further,; using a silver
ingot the reproducibility of thermocouples at the silver polnt was
shown to be 0.5 mlerovolis from the cooling curves.

2.5 Forthey gas thermometric determination of the temperature
of gold and silver points was carried out by loser, Olto and Thomas (8)
in 1958 and the velues were shown o be 1064.76%C and 962.16°¢

regpeclbively.
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CHAPTER 3

3.1{n) Desien of the Furnace

The furnace used is essentially similar in design to that
used by De Selincourt (3), bub with e seme modifications as
detailed in Figuve l. It is a vertical coylindrical fuznace with
the heater wvound wiformly on a high thermal shock resistant 104
naterial tube whose conductivity is much highey than that of the
insulation (alumina powder) used in the body of the furnace. To
inorease the wiform temperature zmone, the central portion of the
furnace tube is occupicd by a heavy Nickel block (L03"L x 49/16" Oelle X
51/8“ iede)e The‘nickel bloak, though of low conductivity, has
the advantage that it deteviorates by oxidation sand a hard crust of
oxide is formed wvhich protects the remaindexr of +the metal. The
ends of the tube wewe fitted with blocks of low conductivity
refractory material, c.ge firve-bricks to prevent direct heat loss
from the ingoet to the aimosphere. The bottom of the furnace itnbe
was closed to prevent the natural convectional flow of air. Tor
such & furnace the distribution of temperature along the axis as

desoribed by Alieva (9) is shown in the graph below.
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It is geen from the groph thaet uaiform temperature zone
extends more towards the bobtbtom and that the nmaximum heat loss
occurs at the top. In the Linally assembled state the gilver ingot
vas 5" avay from the bottom and 11" from the top of the fwinace of
206 total length, so that the vhole length of the iagot would be in
the wore uniform temperature zone.

3.1(b)  lHenters

A Nicrome rmibbon 1/8" width x 0.0142" thick (Tophel A)
vas ueed for the main heater and two supplementary windings
26 sewege ( Brightray ¢) threaded throush alumina bead insulators
were provided ob each end of the nickel block to compensate the heat
losses at elther ends of the furnace tube. Two thermocovples

T and T, measure the tempevaitures at theem two ends of the ingot

1 2
and the power supplied to the two supplemenitary windings could be
adjusted to make Ty and Tp as neoaxly equal as possible. In view

of the poorer insulating propertiecs of the relfractdries at high

temporature there might be considerable leakage from the mains to
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any earth available in the thermocouple ciroult, and to reduce
this alternating cuvrent was used for hesting the furnace.

3.1(c) The silver ingot was 4" long, 14" in outer dismeter end

e

" in inner diameter allowing an immersion of the thewmocouple well

)

of 3", f‘he ingot was contained in a graphite crucible and as

silver abgorbs ozygen in the molton condition and then shove a
considerable depression of the freezing point, the surface of the
ingot was covered with graphite powder to a depth of 3% to avoid
oxidation. The thermocouple well wag a thin graphite sheath nade asn
an integral pexrt of the graphite crusible lid sexving to protect the
thermocouple from being contaminated by the gilvesn. Temperature
digtribution over‘the length of the iungot vas also improved by the
use of a substantial blook of graphite for the crucible. UThe
crucible was formed by boring en axial hole of 14" diameter in &
cylinder about 2,75" dianeter andrﬁg" long, the details being

shown in Mgure L. The crucible was conteined in o high thermal
shock vesistant alumina (104 material) tube which extends 2" above
the top of the furnace, thus providing a means for removing the
crucible from the furnace, Aluwaina powder insulation filled this
tube from the top of the crucible to the level of the top of this
tube. An outer silica tube (A) was*uaedlmo that no alumina powder
sould fall inte the thermocouple wall. Yo indicate the correct
position of the thermocouple hot Junoction andlalso to measure the
temperature gradient along the axls of the ingot & gear drive was sct
up, as shown! in Pigure 43 in ordexr to pervmit the thermocouple sheath

to be moved vertically.
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Two thermocouples made of 30 g.vw.ge wive and 6 £1. in
lengih supplied by Johnss Fatthey & Co. Litd. and three others of the
same gaunge supplied by Bakex Industries Ltd. were used to measure
the reproducibility. They were thyeaded through twin-bore alumina
insulators, 80 cm. long, 4 mn. in diameter and with 1 mm. bore.

The remainder of the wire to the cold Jjunction was insulated with
PeVule sheaths, and to prevent the formation of an inductive loop,
the two arms were bcnded together. During the threading of long
Lengthe of wires through the narrow holes in the insulators it wos
quite possible to produce straing on the wirves. To get rid of the
strain as far as possible all the coupleg were asnnealed eloctricélly
for 3% hours at a temporature of about 1350°C after they were
threaded in their insulators.

The leadg from the thermocouple o the measuring potentiometer
were 24 g.v.ge copper wires insulated with P.V.(. sheaths. This would
not produce any parasatic e.m.f. between the thevmocouple Jjunction
and the measuring potentiometer and also head conduction would notb

be enough to affect the temperature of the cold Jjunction.

Je2 Leiple FPoint Cells

Tor very accurate determination of the reproducibility of
the thermocouples it is necesgsary that the cold junetions are always
at a constant temperature. It is found by otvher investigators that
the temperature of the dwiple-poiunt of water , the temperature ab

vivieh pure ice, liguid water and water vapouv axe in equilibrium,
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can be realised move wreadily and acounvately than can the ice-point.
The diffovence is considered fo he due to the effect of pressure
and the effect of dissclved gasess The temperature of the triple-
point of water is realised in sealed glass cells containing only
vater of high purity. %Thege colls have an exial reecntrant tube for
the thermoneter, In such cells the triple point tenmperature is
obtained wheneve? the ice is in eguilibriun with a liquid-vapour
surface. At a depth h below the liguidevapour surface, the
equilibriwn temperature, t, between ice and liquid water is given by
the formula

%= 0.019C « (0.7 x 1076 deg/mim) h.

With a good triple-point cell, the tyriple-point temperatuyre
of water, 0.0106‘9 cant be reproduced with little difficulty to within
4 0.0001%C. Therefore the cold junctions of the thermocouples weve
kept at the triple«point of water.

Proparation and Uge of ‘the Cellsg

Mo triplewpoint cells have besn made by the author in this
laboratoxy. The came method as used at N.PoL, was folloved for the
construction of the Ypyrex' cells, (The deteils sre showm in Pig. 2)

for cleaning, filling with double distilled water and sealing under
VaOUUT Approximately 10 litres of water was distilled through each
coluin befoxre they were used o steam and charge the cells. But the
sealing at this upper Jjoint was followed slightly Aifferently than it
was suggested by WePole The suction was applied through the joint
at A with the cell held vertioal and the cell was then warmed over

the whole surface by wvaving a luwninous bunsen flame for the vemoval
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of aiw from water and the glass walls. When the vater level in the
cell was lowered by about IV due to evaporation, the tap between the
cell and the pump was closed, bul the vacuum pump was st1lll kept
running in case there wag any leakage of air thyough the Jjoint at A.
After 5 minutes, when there was no more bhoiling of water and water
ingide the cell was steady, the cell was sealed off by collapsing
the constriction with a very fine torch oxr bhunsen flame and then
drawing off. Affter cooling down to room temperature the cell was
Found on inverting to give a good “water hammer! effect.

Cell No. 1 vas cleaned and filled with double distilled
wabter, but 5 days later during the formation of an ice sheath:for
the second time, leakage of air was found through the joint of the
wall with the main body of the c¢ell. This might be due to the fact that
steess relief of the joint made by the glass blower was not pexfect.
However Cell No. 2 was fivet cleaned with demineralised water fox
14 hours and with double-disgtilled water for the last 4 houwrs, bhut
was filled completely with double distilled water.

The Cell No. 2 was compared with a standard cell obtained
from the Chemistry Depanritnent of the University. The two cells were
first of 2ll cooled for an houv in two large Dewer flasks containing
melting ice. A sheath of ice several millimeters thick was formed
round the thermometer wall by the circulation of cold methdnol Lrom
2 methdnol/so0lid 002 freezing mixtuve passing through it. lere the
gao liberated from the sublimdny C0p was not allowed to excape freely

into the atmosphere and the pressure consequently built up was used 1o
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foree the methanol through the apparatus. The well was then
emptied and water at room temperatuve was added to melt a thin
layexr of the ice nearest to the well. When the ice-sheath was free
fyrom the well, icewcold water was added taking care that no pariticles
of ice found their way into the well, since a particle of ice would
take a congiderable time vo melt due o the small difference of
temperature 0.0190 between the ice and triple point temperature.
Every day the cells were covered up to the top with ice
in & Devar Plask and with the top carefully protected it was possible
to hold the triple-point tenmperature for about 8 days.
The two cells were compared by measuring the resistances
of a Barber design resistance thermomelter held ingide the wells,
(about 1" away from the bottom of the well), using a Smith Bridge and
gelvanometer photocell amplifier unit, A fine thermostat added to.
the bath heater civouit of the bridgge helped bo keep the bath
permanently at 25.5°¢ ¥ 0.5°0.

53 Blectrical lMeaguyenents

The equipment for electrical measurement and control and
the furnace was situated in & temperature controlled (¥ 1.5°C)
laborntory. The electrical ¢lronit diagrem is shown in Figuve 3.
The measuving lastrument used is a very high precision type
5205-A/Auto current controller potentiometer supplied by H., Tinsloey
& Co. Libde This potentiometer is designed to bhe nearly free from
parasatic thermal e.m.fe A galvenometer of adequete sensitivity

(@iusley type 5214 photocell golvanometer amplifier with type HG.2.45.E



- 29 -

galvanometer and type 52144 thermal compensator) was connected to
the galvenometer berminals. The thermal compensator is provided
with a "Galvenoneter Series Resistance" control, The circuits of
which voltages are to be measured, were connected to the pairs of
't@ﬁ'fm:i-nﬂls 'tlﬂg HEH’ tl?’ﬂ oy !P4H.

The controller driving a d.c. current control system
consists of a high gein dec. amplifier. Thefhe e.m.fo of a standard
cell is compared with the voltage drop across a resistance in the
curvent ox shandardising cireuit, the difference, oy error, is fed
into the de.c. amplifier which couses the current to change in the
direction which reduces the exror. Thig error under siteady stade
conditions will be less than 1 part in 106.

buring swiltching the small amount of energy absorbed by
the galvenometer produces a small variation of e.mefs of the orvdexr of
10 pardts in 106, but 4t reduces to oné oxr two parts within few
minutes. Fluctuations in voltage supply for the lamps cause
transients in the stabilised curvent supply vhich gives ¥ige to errors.
Vibrations also produge a similar effect. The drifting of the
stabilised current iz usuclly caused by the thermal e.m.f's in the
ptondardising c¢ircuit or standard cell clrouit. The temperature
coefficient of stendard cell being 40 parts in 106/°c, it was
necessary with high precision measuremcents to control the temperature
of the slandard cell to c¢lose limits and in the temperature controlled

laboratory the temperature of the cell 531274 type was controlled within

& 0,059,
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The electrical measuremeniss were found guite satisfaciory
to well within the limlts required, being limited by the galvanometew

sengitivity which gives a deflection of 1 en/C.1p 7V,
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GUAPTIR 4

EXPIRIMENTAL TGCHNLIOUES

The accuracy to which the veproducibllity of the
thermocouples can be realised depends mainly on 1wo factors:

(a) the freezing point of the actual specimen of silver
employed, and

(b) the precision with which the calibration of the
thermocouples can be reproduced.
The impurity of a silver ingot supplied by Johnson,
Matthey & Co. Litd. is claimed to be 10 pepeme. and the following
procedures in the method of calibmation are recommended in the
gpecification of the international Temperatuve Scales

(1) The thermocouple should be immersed in the specimen
through a hole in the centre of the crucible cover
and during freezing the metal should be cooled slowly
from a temperature a few degrees above its melting
point.

(2) ‘he couple should be mownted in s twin-bore alumina tube
thus separating the two wires.

(3) ‘'"he immersion of the couple inside the specimen should
be such that during the period of freewying and melting
the couple can he lowevred oy raised about 1 om. from
its normal position and the e.m.f. Indicated by the

thermocouple should not altor more than LMV (0.190).
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(4) During melling and freezing the e.n.f. should remain
constant within O.Iﬁ‘V'(O.loﬂ) foxr a period of atb
least 5 minutes,

(5) ‘Melting and freezing should not dilfer by more then
2 4V (0.2°)

Before putting it insgide the furnace the surface of the
gilver ingot was cleaned and the metal was handled carefully to
minimise contamination. Work was carried out with the metal
contained in a graphite cruclble, the top surface being covered with
graphite powder. Though eolid silver does not oxidise veadily it iw
necessary to proteet it from oxygen duving a freezing point
determination. SYince it absorbes oxygen in the molten condition and
then showg a marked depression of the freeging point due Lo emission
of oxygen during solidification. But absoxption of oxygen from the
aiv does not take place until BOQ above the melting point, so care
was taken not to heat the meital more than it was neceassary.

Thermal analysis was carried out under a certain cooling and heating
rates. Temperature changes in the melt before transformation was
during melting sbout 1.54V/min (0.15%C/min) and duving freozing
about 0.84 V/min (O.QBOG/min). With the melt held a few degrecs
from the transformation temperature, the furnace power was adjusted

to glve g desired rate of cooling or heating.
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CHAPTER 5
541 DISCUSSION OF BXPERIMENTAL RESULES

5¢1(a) Triple Point Cell

The results of the comparison between c ell No. 2 and the
Chemiatry Department cell obialned over a period of 9 days are showm
in the Tables 1 and 2 and the graph ploltted is shown in graph No. 1.
It may be seen that in'the fivst day the temperature of both cells
rose by amounts corregsponding to‘4 X 10-6 ohmg, which is approximately
4 x 10790¢, The pronounced lowering of the bemperature by 2 x 10"%0¢
on the second day was presumably due to an increase in glrains which
would occur with re}atively rvapid freezing. Later on the slow rise
in temperature is believed to be associated with the crystal growth
and release of straing in the iQe. The two cells, however, agreed
with each obher to within % 2 % 10770¢, fThe reproducibility of cell
Hos 2 was found to be better than that of the Chemistry Depariment
and lies within i 1 x 10"5 ohms which is approximately ¥ 1 x 10'400.
The overall small changes in the readings of the two cells under
comparison might be accounted for by actual changes in the temperature
of the cells, by changes in the resistance of thermometer or by

changes in ‘the measuring bridge.
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5¢1(b) Results of Galibration at the Silver Point

The mete¢ing and freezing curves obitained with
SIthermaoouples9 reannealed after threading through their insulatorxs are
shown in graphs Wos. 2,3%,4,5 and 6. An upward displacement of the
thermocouple along the axis during melting or freezing produced no
greater change than 0.1 MV/em of movement.

Gooling curves show the rise from supercool (recalescence) o
a plateau and an alloy slope. During the period of wecalescence,
nucleation and growth of the solid occurs st such a low rate that the
amount of latent heat of fusion released ig insufficient to balanée
the heat lost to The wrest of the furnece. Aftexrwards the growth rate
becones great enough 4o overcome this loss and the temperatuve of
the melt steadily increases. Dventually the melt temperature
bacomes comstant. The last section of a freezing ouxve is a long alloy
slope of decreasing temperature which persists unitll all the metal
ig solid. The wounding at the end of a freezming curve ig due 1o
both a rapidly iuncreasing concenitration of dissolved solute in the nevuly
frozen solid and to the increasing rate of heat loss from the melt
as the furnace block drops well below the melt temperaturce.

The mef%ing surves show the rouwnding at the end a few
minutes prior to the liguid break, This may be dvue to convection
currents in the crucible when the bulk of the sample is liguid and
only a small fraction of the change is still solid.

The ideal wange of alloy transformation temperatures is

the difference in the temperatuves at which melting or freezing
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heging and ends in a completely homogenised a2lloy ox, in other
words the difference in the temperatures of the solidus and
Ligquidus for the alloy on the equilibzium diagrem. In practice
great ohstacles exist in realiging idesl melting vanges becauge
it dg difficuld to atbain complete homogeneitation of a sauple;
thig is o consequence of the differences in the solubilities of
the impurities in the solid and liquid alloys and of low rate of
diffusion of the solule in the solid.

In geneval, the obsexvation showed that the plateaus,
with a duration varying from 30 nminutes to 45 minutes depending on
the rate of freezing and melting vemained counstant to within ¥ 0.0T#V
dQuring freezing and ¥ 0.12 MV during meliting. 'Yhe agrecment between
nelts and freezes fell withinfﬁ.OB/FV. The cooling curves, ag
seen from the specimen curves, show guite good flats. On the melting
curves the plabeaus are not as constant in towmperature a;rfreezing
platesus but show in most cases & steady rise of less than O.OI/MV/min.,
and hence ‘the melts show a weproducibility some tenfold betlor
than that obtained by the earlicr workers.

The calibration figures obtained for 5 thermocouples
are set out in Yables 4,5,6,7 and 8. The couples Ho. 1 and No. 2
were supplied by Johnson, lMatthoy & Coe Litd. %he couple No. 1
first gave 2 melts (Table 4A) agreeing o £ 0,154V and 2 freezes
agreeing to & 0,09 MV, the overall agreement of 2 freezmes and
2 melts being & O.léiﬂ V. %hen the thermocouple was veplaced inside

the furnace afber several days during vhich the voltage stabiliser
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was not working properly. This time the couple showed ao
continuons fall of 0.3 4V in the course of 3 freezes and the
agreementlebveen one freeze and its previous melt was 0.5#V.

This poor result is to be atiridbuted wmainly to small strains which
nay develop in the wire due to normal handiing during veplacement.
After 1 month, during which the work was carried out with other
thermogouples, the couple was veammesled when the agreement among
2 freezes and 1 melt was found (Table 4¢) to be & 0,184V, bub with
a mean value as much as 2.0 4V below the former value. Further
before and after reannealing the reproducibility of each melt ox
freeze was found 4o be the same and thorefore showed that the wives
exhibited s wiform strain wvhich changed only the total c.m.f.

of the couple after veannealing.

Couple No. 2 gave (Table 54) 4 fr@ézes pgreeing acong
themsolves to £ 0.09 ¥V and 3 fiel to agreeing to ¥ 0.12 #V, the overall
agreement among 4 freezes and 3 melts coming within & Q.22 4V,

The departure in the mean e.m.fs of couple No., 2 from that of

couple Wo. 1 is Q.52 #V. After one month, during which the silver
ingot was melted and solidified about 20 times, the couple No. 2 was
tested again and gave (Table HA) 2 freozmes and 2 melts coming within
* 0,15 MV with the mean value only 0.14 #V below the former value
and hence shows that during this period the silver point has not
changed congiderably.

Gouple Wo. 3, No. 4 gnd Ho. 5 were supplied by Baker Platinum

Lyds  These three couples hehaved nenrly the same in showing their
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changes in e.umefe values from one freeze to another freeze and
aleo from one melt to another melt, the average agreement hetween
one freeze and its previous melt being 0.84 V. Couples lo. 3,
Nos 4 and No. 5 gave (Tables 6,7 and 8) 4 freezes and 3 melfs
agreeing to ¥ 0.23 MV, & 0.28 MV and * 0.28 MV vespectively.
The depsriures in mean c.n.f. of couple No. 3 from that of couple
No. 4 and couple Wo. 5 are + 5.92 MV and =~ 1.68 #V vespectively.

In general, it is seen from the results that each
thermocouple has a tendency bto show a continuous fall of its reading
in the course of successive calibrations. This decrease in thermal
e.mMafs on prolonged heating might be affected by the diffusion of
rhodium from the platinun-rhodium element at the hot Jjunotion,
or by the taking up or removal of impurities in the thermocouple
wire., Algo this decrease might be affected by the small straine
due to slight movement of the element wires of a couple relative to
the insulators and to the diffcorential expansion of the wires and
the insulators, wlen they sre placed in the furnace. Since the
space available is regivicted, this movement gives wise to friciion
between the thermocouple wires and the wallsg of the insulator and
slso 1f the wires become Jjommed at any point, to tension oy bending,
according to the direction of the velative movement. Such streins
undergo reannealing on prolonged immersion in the furnace and mey
thug glve pise to gradual modification of calibration.

Ag all these results were oblained with the same furnaece the
different veproducibility shown by the couples of diffevrent make is

to be atiridbuted o different purity orv in-homogencity of the clementy

WiTPoe.,
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52 Gonclusions

The above experiments suggest that using high grade
equipment the prectical limit in the precision veproducivility
determination of a platinumglO% rhodivnm=platinum thermocouple is
of the order of & 0,09 #V equivalent to ¥ 0.0090C (47)
and ¥ 0.22 MV ecquivalent to ¥ 0.02200 (4¥, 3M). the sywbols in

brackets refer to the number of freszes and melts taken into

Chou gé
account. Fuwther, the melts are quite reliable,to be baken into
an fuell’ oV Hak

account, i.c. there is an increasc in the accuracy,oblained by earlier
workerse The above calibration figure is for the couple selected
as belng the best of all couples tested by the author in this
laboratory. The main difficulty In attaining the above accurscy
lies in getbing sufficiently homogeneous and pure wire for the
thermocouple. Yhe presence of strain, original or acquired accidently
by normal handling of the thermocouples in course of measuwvement, and
gradual contamination of the wires during hesting ere believed to be
the main causes of uncertainties.

The limitations placed on the repwoducibiliiy measurement by
the potentiometer, the triple point cell and the thexmocouples combine
to fbrﬁ a formidable barrier bo any further improvement in the

precision.
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DART 11

PREVACE

This section describes the calibration of a platinume
107 rhodium~platinum thermocouple by direct comparison with a standard
platinum resigtance thermometer in the vieinity of the antinony
point (630.5°C). This temperature is the treonsition from resistance
thermometric meagurements to thermocouple measuvements on the
I,P.5:T¢ Tor calibration a bath of stirred liquid is usually used
‘to attain a btempevature ranging from -80%¢ %o 630.500 within the

, : a

limits of accuracy of the test. DBut such baths take/long time to attain
an elevated temperature near 630.5°G and the purpose of using a
vecbum furnace is to get the temperature in much guicker time and
stable within the limits of accuracy of the test. The furnace
epecially designed for this purpose takes about % hours to atlain

.

e O . . C .
a temperature near 650.5 ¢y and this temperature is maintained

RT3

stable within ¥ 0.1°¢ during each run cn experiment. The calibrated
e«nefe value of the thermocouple at 630.536 % 0.0157°G, based on

registance thermometric measurement is 5543.1 % Qel MV,
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CHAPTER 6
Gel APPREALYS

The dosdoen of the apparstus i showa in deteil in

Meare H. T8 1o o verdsicnl oylindmiecnl Lwimsce mainteined of

voacuon by ceoanectling o gas bollast votory high vaouun pump tharouwgh

e

@ .3 ;

Joint 4. Yhin orlinderical gopper yadiation chielde wore used rathaop
thon powderved thompal insulation do nindmise degrasing. %The fumnsce
body won swrvownded by o siean jackod to seintadn s consiend
Somporature at the ouwbgide and also bo weducs hewvy heob losses Vvom
the ipaide. Yhe steen wsed in the Jacket was passed through o
oocdenser and the wier condeneed vas fod back o the glactvothevniel
boilor (Pigure 6RY.

Theee wvindingn node of Hlchrome xibbon whHre used fowy she
heator and thege wore vound uniforsly round eiy aluming rods. %he
velboge spuppdicd o a1l the thyee vindings oould be seporvately
sontyoelied hy varisble rhoosinto. The supply- e fyom HKVA Sorennen
voliage yegulantor vhich slabiliscs the input volbage to the fusnoceo
o within Q.8%. %o incvease the wiforn Semperpture sone of the
furaace, the condrel povtion of the fernnce vag oovenpled by o

TRe
LT long copper wod of 1" diese tor so ag o cqualise, jemperature
by condnetion. v

Two oenteal holes weve dellled indto dhe ecopper xod Lyom
olithey end, the top one was for the thernocouplie pocket and the
bottenm one was for the reosintence thoymometor pockete The pookobs
wvore made of gbtainloss abtoed tubes with one ond cloged and the open

andg wore pilver seldewred do the ond £lsnges ol the Lurnacd.
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§ix Pyrotenax thermoolectric cables (nichel chromium/
nickel aluminium thevmocouples) were used for measuring the
temperature. These were placed with o regular spacing of 2%“
along thé length of the copper block such that wvhen the apporatus
wos asgembled the ends of the thermocouple and resistance
thermone tox poﬁkeﬁs lay in the centre of 25" lengith covered by
the thermocouples Pzand Ty The thermocouples were slso silvey
soldered to the end flangesji¥§~duriug this period the thermocouples
No. 2 and Wo. 5 were buxnt out and-thar? vere only four thexrmocouples
Left to determine the vertical temperature gradient along the heating
zone of the furnace. By warying the power supplied to the coils it
was possible to achieve a vemperatvyve distribution of better {than
2 V (0.05°C) over the centre 249 of the furnace at temperature
636.53606. The maxinum vacuuwn obtained inside the furnace is of
the order of Q.9 mm. of Iig. This fé!atmta_:kpw vacuum might be due
to the degassing from the comenl used for covering the windings

and from the wall of the fuxnace bhody.

6.2 | - Blegtrical Messuyements

For meagurement of the e.m.fs of the thermocouple,
rogiglbance tﬁefmometer and standard resistance, the type S5205HA
potentioqeter vas nged. The cirveuit connecotions are the same
as shown in the previous expeviment, Wigure 3. The circuvit dlagrom
for meapuring the resistance of the thermometey and comparing with
the standayd vesigtance is shown in Figure 7. A 1000 ohm resistance
type 1059 is cownected in geries with the vesistance thermometer and

the stenderd resistance to allow a 1 m.A. corrent in this cirveuit.
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Uging the current controller the current would remailn stable in
.this civouit under steady staote conditions within 1 in 106.

A standard platinuﬁ resiatance'thermometew, type 5187H
was used fox comparison, and the thermocoﬁple used for calibration
wag supplied by NeP.l. The sitandard vesistance wae a four terminal

class 5, type 3594 manufsctured specially by H. Pinoley & Co.,

. A o
having a resistance of 25 ohm at 207¢C.

VT.P. = eeiefs across Rep. Therm,at triple point semperature
Vt = @eefs across Reas. Therm, at temperature +

VS = e.n.fs across standard resistance

RT.P. = Resigtance of Res. Thern. at triple point temperature
Rt = Resistance of Res. Therm. ab temperature 4

ﬁs = Registance of standard resistance.

Aﬂf%riple point tempevature RT.P. is measured from the
relation v
T2,
Rop, = ";A““ = Ry

a

and ot temperature t, Rt ig neasured from the relation

, vt
e oy e————— i o
Rt ¥ X RT.P. nean
Tele
vhere RT P mean ig the mean value of TT P measured hefore and after
o [ ] - [ ]

uping the resgistance thermometer at bemperature t.
Further, for the resistence thermoweter the following values
vere gupplied by H.P.Ls for the comstents in the formula
Rt - By

o Ry 100 100
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Gongtants Value
oA 0.00%92672
d 1.4920
B, | 24T o

When RT p, oan be geloulated fyonm

E - 24-.714-8

T.Pl OOO: O. l
0.01 = + 1.4920 ( .i..é.,sl'. - }.) 1”6%_,
0.00392672
or |
., = 24.715764 ohn

caleulated

‘ vend dare Op o . ‘ .
and renistance R 630.5 ¢ is celculated frowm

Res0.5°C = 2447148

, + 104920 ( 92983 _ 5y 201
0. 00392672

100 100

63005 L]

ox 3630 500 o 61.6605 ohnt..

caleonlated

Assuming thet 1 m.A: current remainsconstant in the wxesistance
thexynometer cireuit

REBO.BOC cale.

0
v630.5 30&130 = R x v‘.L‘.J?. measured
‘T.P. c&llc

81,0605
24, 715688

x 2517748

82575.35 MV

M
)

\
For calibration of the thevmocouple the temperature inside the

furnace was adjusted %o get Vi otable near about 82575 pV
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CHAPIER 7

Tel ‘ DISCUSSION OF UEPERIMBENTAL RBSULTS

The 52004 type potentiometer couvld measure?g.m.f. of the
‘ordex 0£‘10f7lﬂ V, and with 1 m.A. currents passing through the
%hérmomeber, ite resistance could be measured to 10'4 chme. Al
the thermomeder sensilbivity of 0.1 ohm per degmeeoc.g 1t wos thus
prosaible to measurveatempersiture with a precision of 1 x 10*3 o¢.

The rosults (Tables 10,.12) ghow‘%hat the resistance RT,P.
inoxreases by about 0.0007 ohm (O.GOWOC) afver using it atrhear
6§OO§. Thig change due to long term heating at the above elevated
tomperaitvre le presumably caused by extension or volatalisation of

platinun wires Fuvthey the change in the value of R from every

TP,
doy svse o might ve due ‘to work hardening of the platinum caused

by the norvmanl handling of the thermometer. Whe mesn value ol

RT.P. measured bofore and afier using the resistance thermometer at
temperature  was used to calibrate RT in each run.

From the Wier = HiAé thermocouple readings (Tables 10, 12)
it is seen that the thermocouples TB at the bottom and TS at the top
of the furnace give temperatures about 10°¢ ana 590 reapectively
below the temperature at the centre. This could be due %o the
congiderable amount of heat loss by conduction from elther ends of
the furnace. The ealibrations were made, by adjusting power to the
heaters—vhen the thermocouples T3 and T4 agreed each other within
2MV (0.0503) and the standard wvesistance thermometer readings were

controlled at 82570MT within & 104V (graph 8) over a congiderable
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period. This ewmefs value gives equivalent resistance for the
thermometer 81,0641 ohm (Table 13), which is 0.0036 ohm higher than
the resistance calouvlated at 630.5005 and thus the actual temperatbuvre
at which the calibration was made is about 6.036OG higher than
630.5%C, i.e. iz at 630.5%6 & 6.01570(:.

The cold juncitions of all thermocouples were at the
ice point 0%¢. ‘tho e.n.f. agsinst the temperature euvves
(graphs To B) ghow the same type of relationship for both the
theﬁmbcouple and resistence theémometer. During each run the
thermocouple veadings remalned sltable at 5543 MV within Eapmvw
(graﬁh 7) ond slight adjustment of heaters was required to maintain
this stebility over considerable periods. The overall calibrated
values fronm fwo muns lie within & 0.1 MV, vhich show the same
congigtency and reliability of the thermocouple as of the resistence

thermometer as the means of measuring temperaiture near 630.500.

7-'2 | Gonglusions

The congidevable loss of heat at the bottom and top ends
of the furnace can be reduced by putting some yradiation shields a%
either endsand furtheé?hsingasteam jacket at the top end. DNespite
this loss of heat at the oends, the temperature distribuﬁionhm
reagonably wiform at the eentre (D.OEOG over 25" length) where the
gsensing elements of the thermocouple and the resisitence thermometer lie.
Congldering the sourdes of evrors from normal handling of the

thermocouple and vesistance thermometew, the temperature of the triple
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point cell, the precigsion of the electrical measurements, the
stabillty of the A.C. voltage supply (0.2%) to the heaters, the
value of the thermocouple e.mef. calibvated at 630,536°C is

5543.1 MV with accuracy of 0.1 'S
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PABLE 1

SRIPLE POINT CRLL Noe 2

Pimo Bridge Roonm Dattery Bridge Readings
Temp o Temp, Cuxrent
o oG amp ok
10.2.64
4450 pom, 255 20,5 i 22.831 881
6050 Polile 2545 19 1 85
8.00 Delllo 25.5 19 1 85
9.30 Taliln 2505 19 — 1 85
11.2.64
10055 Dell 2505 19 1 65
4.30 Peii) 2505 20.8 1 75
T«00 pom]| 25.5- 208 d 80
3,00 nem 250’3 208 1 81,
15.2.64 ,
9.15 elile 2545 19 1 82
1.55 peme 255 20 1 82
3400 Tralite 2§‘5 20 1 83
6210 pemo | 25,5 20 1 83
13.2.64
9-10 Qellle 25 19 1 80
1.20 Pelle ?4;5 19 1l 78
4.00 Pelile 2505 19 L 80
5350 Dalite 2545 19 3 80
14,2464
9430 patte| 25.2 19.2 1 82
12'45 Delile 25.9 1902 1 80
5.00 T.)bnl- 25-2 19.2 l 8{3
15.2.64
10030 Sellln 252 19«5 1 82
12 noon 2H e 1945 1 Sg
17.2.64
10430 a.n. 25.2 19 1 83
12 noon 255 20 1 a2
18.2.04
12 noon 255 20 1 83
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LABLE 2

CHEIMT BUYRY DEPARUKHENT CBLY,

Pime Bridge Room Battexy Bridge
Tenp . Temp Current Reading
6¢ o¢ anp ohs
10.2.064 .
5-20 Vellte 2505 20-5 1 220851881
T.10 peiite 255 19 1 8%
{3030 Dellls 25."3 3.9 1 84
11.2.64
11.40 g.m. 25.5 19 1 63
5410 Detia 2545 i 1 7%
Te30 name 25,9 20.8 3 80
12.2.64 :
9.40 Bellle 25-5 3.9 1 80
5030 Telile 25.:} 20 1 77
5035 el 2545 20 1l - 81
13.2.64 '
950 a.m. 25 19.5 1 1T
2430 parmts 2%.5 19 1. 80
) 5.00 @:m- 2‘-05 19 1 . 78
19.2.64
10.00 a.m. 2542 19.2 1 Tt
2-7)'() Delle 25.? 19.5 1 §0
15.2.64 '
11,00 Sallte 25.2 1905 1l 78
17.2,64
12 noon 25.5 20 1 a0




CALIBRATION OF THERMOUOUPILES

- 5%

TABIE 3

ToCe Nos 1 (Detailed Besults of Run lio. 2)

Date Time in MELELING FREBZING
) ninutes | Thermocouple Thermocouple
CoeMaef s inf*v Ceftal e in ’M \J
27.2464 0 9150.12 9150.03
2 «29 14
4 o 54 27
6 40 42
8 o44 oH2
10 48 .56
12 51 o H8
14 +23 «59
16 W54 «58
18 «56 «H9
20 «56 «58
22 57 57
24 57 56
26 57 «56
28 «58 54
30 <60 . «55
3e 62 o 54
34 .64 .53
36 «66 e H2
38 «69 «5Ha
40 71 Ol
42 o153 ool
44 75 «50
A6 o82 45
48 97 .46
50 H1.50 42
92 37
54 22
56
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TADWE 4
TG Noe 1
b,
MIRLAING _ ‘ ‘ IRELZING
Date (Run| Shermogouple datal , % Run| Thermocouple date At
Ho. eAg (rV)fae (/W'}] min. Ho eﬂg( #V) {ae(ry rmin
26,2.64] 1 |9150.62 & 1415 56 | 1 | 9150.55 | &£ 0.07 A2
2724641 2 19150.64 £ 0.14 38 | 2 | 9150.53 | ¥ 0.07 41
Mean eemefs . Hean cenefs p
of 2 9150.62 0V __of v 9150454 pV
Accuracy + . Accuracy @
over 24 = 015 pV over 21 = 0.08 MV
Mean e.m.f. of 2M, 2F 9150.61 £V
Overall .- , v
- |Aceuxacy over 2M, 2w 2 0.16/'%
B
9.%3.64| 3 | 9149.88 | & 0.16 A6 | 3 | 9149.36 L 0.06 48
10.3.64] 4 | 9149.89 | £ 0.12 41 | 4 | 9149.28 ¥ 0.09 36
11.3.641 5 | 9149.69 | * 0,16 49 { 5 1 9149.07 Y 0.09 %5
¢ Reannealed at about 12500 for 1f hours
23.4.64 6 | 9147.6L | % 0.06 42
244,641 6 | 9147.75 | & 0.1l 4% | T | 9147.82 I Q.07 41

llean e.m.fe QFQ 1.

9147275 /Y

Aeccuraey over 2, 1

I 0,18H7
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TABLE 8

Telo Noe 5

HE LT ENG , PRELZLHG ,
Date |Run|_Shermocouple data| 4t |Run| Thermocouple data | 4% -
No eAg( kv) | ae{ p¥)[ min |No. epal MV) [ 4eCAV) | min
15.4.64 1] 9147.10 | < 0.08 36
16.4.64 9147426 | & 0,15 | 46 | 2 | 9247.07 | & 0.07 37
16.4.64 9147.11 & 0,13 40 3 9146.94 & 0.06 39
174464 0146492 £ 0,14 37 4 0146.80 | £ 0.07 41
Mean e.mefs OF 3M | 9147.04 MV Hean c.mefe of (;}lli‘ 9146.96 4 ¥
Accuracy over 3l T 026 MV Aceuracy over AR L 0423 MV

Overall

Hean cemefs of 9147002 f*\"
311, 4¥
Agocuracy over L 0.29 I

3, AF
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TABLE 9

[ e

Run No. 1

eaine £o bemperatuze calibration of HeP.ks Flatinum: 10k Bhodiume
Platinum thermocouple asainst standerd resistence thermometer

Time in Resistance thermometer Thermoconple
mine wColieLe dn MY _ Lelefs in MV
0 82549475 5541465
2 5155 41450
4 54415 41.72
6 58425 42,00
3] 61.45 43,32
10 64475 42455
12 68,25 4%.00
14 71.80 4%.30
16 74490 43.60
18 17475 44,05
20 79470 44435
22 80.25 44.62
24| 85400 44490
26 83425 45.10
26 1525 - 44450
50 69.25 43445
32 YINYY) 4275
54 66.80 42,60
36 68.00 42,70
58 69.50 42,85
40 TOTH 43.05
42 12440 4354
44 1595 43469
46 T7+75 43475
48 80,25 44418
50 85465 44485
H2
54
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ZABILE 13
RUN No, 2

esmef, tomperature calibration of N.PeL. Platigum: 10% Rhodiume
Ylatinun thermocouple againat standard resistance thermomelber

Tine (Resistance |Thermo= Time |Reegistance Thernocounle
in  [Thermometor couple in  |Thermometer @.afe  in
mine jCemafs dn MVeumed. in| mine joumef. in uV MV
M
o 82567.50 |5542450 26 82568410 554%.00
3 70.80 4%,00 27 69,50 4%4,00
2 T490 43.35% 28 69.7§ 43,18
3 14450 435455 29 7150 45420
& 72.90 45440 30 12490 A3.25
5 TiT5 45.28 31 7300 4520
6 T0.10 43,45 32 T4.00 435506
1 T1e00 43.10 %3 T4+10 45435
8 T1.25 | 43,10 | 34 13425 45,37
9 T1.10 43.00 55 T3.00 43439
10 70430 42495 36 T4.50 43457
11 66.90 4218 37 75:50 45.T0
12 67«80 42,64 58 16400 43.75
13 66.6%5 42.57 39 76490 45.80
14 65480 42,48 4Q 7710 43.85
15 65.10 42.32 41 1770 42486
16 64060 42.24 42 T8.60 43.9%
17 6470 42.25 453 T9.0G0 45.98
18 63400 42400 44 7925 43.99
19 635450 42,10 | 45 89.90 44409
20 6100 42400 46 82465 44,186
21, 62.50 42.25 47 8%.10 44432
a2 6%.90 42,52 48 89475 44440
23 64.25 42.6%5 49 8750 44459
24, 65.75 42483 50
25 67.20
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TABLE 1%
Calculations fox Rt
v
B e s x R

\ Dele
vm.P. mean, Fetle mean

Run Wo. 1
24.716108 ohm

2517597 MV

Rey
TeP. mean (Table 10 )

7.
TePe mean

Ve = 82571 MV (Graph No. 8)
F— Qaiuﬁﬂ.m“dl -,
R, = 2517597 * 24.T16108

= 81.,06262 ohm

Run_Jo. 2

R = 24.7150L ohn
T.Pe mean (Tahle 12)

‘}‘mo}?- mean = 25173 ‘ 61 ﬁ‘ v

v, = 82570 RV (Graph No. 8)
_ 82570 -

Rt o575, 61 ¥ 24.71501

=  81,06577 ohn
81.06419 % 0.00157 ohn
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