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THE FREEZING POINT OF PLATINUM
By Wm. F. Roeser, F. R. Caldwell, and H. T. Wensel

ABSTRACT

+n~Q!f^
rmilling thG frfzinS Point of platinum on the International Tempera-ture Scale measurements were made of the ratio of brightness of black bodies3" a* tne freezing points of gold and platinum, The black bodies usedwere hollow mclosures of fused thorium oxide immersed in the molten metals

Observations were made during the freezing of the metals. Two optical pyrom-
eters were used and observations were obtained on two separate lots of pureplatinum by three observers. The metals were heated in air using a high fre-
quency induction furnace to secure automatic stirring of the freezing metals and
to avoid contamination from furnace windings.
The freezing point was found to be 1,773.5° C.
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I. INTRODUCTION
Since the International Temperature Scale * adopted in 1927 by

the General Conference on Weights and Measures defines temperatures
above the freezing point of gold by means of Wien's law of radiation,

any determination of the melting or freezing point of platinum on this

scale must be based upon measurements of the radiation emitted at

some known wave length from a black body maintained at the tem-
perature in question.

There are a number of methods by which a black body may be

brought to or maintained at the melting or freezing point of a metal.

Worthing 2 has used hollow cylinders of the metal carrying an electric

current controlled so as to bring the metal slowly up to the melting

point. Observations may then be made on the radiation emitted

from a small opening in the side of the cylinder at the instant of

melting. Mendenhall 3 has used a strip of the metal folded into a

hollow wedge, the angle of the wedge being so small that the radiation

from the inside of the wedge approximated that from a black body.

Such methods are, in some cases, the only ones available, but wlieiv

feasible the methods described below are to be preferred.

Another method which has been much used is to heat a furnace

to such a temperature that a small bit of the metal located in the

i G. K. Burgess, B. S. Jour. Research, 1, p. 635, October, 1928.

2 A. G. Worthing, Phy. Rev. N. S., 10, p. 377; 1917.

a G. E. Mendenhall, Astrophy, J., 33, p. 91; 1911.
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furnace will just melt or freeze. The bit of metal, the melting or

freezing of which serves to indicate the proper time to make observa-

tions is usually welded between thermocouple elements at the hot

junction, melting or freezing being indicated by a constant value of

the emf of the thermocouple for a short period of time while the tem-

perature of the furnace is changing slowly. This method, commonly
referred to as the wire method, has been studied by Fairchild, Hoover,

and Peters,
4 who have discussed its limitations in great detail. The

one obvious disadvantage of the wire method is that the melting or

freezing metal indicates the temperature of only a very small region

of the furnace, whereas the radiation measured depends on the

temperature of other parts of the furnace as well. At the temperature

of freezing platinum one would be very fortunate if the equivalent

temperature of the radiation emitted from the furnace did not differ

by several degrees from the temperature of the furnace at the point

where the melting sample was located.

A better method, which is termed the crucible method, is to immerse
a hollow inclosure in a bath of the metal and to make observations
during the time the metal is melting or freezing. Since no con-
siderable temperature differences can exist in such a bath of metal,
this method insures that the radiation measured is very nearly that
from a black body at the melting or freezing point in question.
Freezing points are preferable to melting points, since temperature
gradients are likely to be smaller in liquid than in solid metal. If,

finally, the freezing is done in a high frequency induction furnace
with reduced power on the furnace, the action of the electromagnetic
field on the currents induced in the metal produces a violent stirring,
and the possibility of appreciable temperature gradients is further
reduced.

In spite of the fact that the crucible method appears to be the
ideal one for accurate melting or freezing point determinations, it has
not been very widely used. For example, no determination of the
freezing or melting point of platinum by this method is to be found
in the literature. One reason for this is probably the fact that the
crucible method demands refractories from which crucibles may
be made which in prolonged contact with the molten metal will
Prataee no appreciable contamination. The freezing points of
palladium 6 and nickel 6 have recently been accurately determined
in rnicibles which produced no perceptible contamination, and the
recent develonment of fused thorium oxide 7 provides a refractory in
wnicfi pure platinum may be repeatedly melted without detrimental
contamination. In view of the importance of the platinum point
j"" 1 toe uncertainty felt regarding its temperature, determinations
ttave been made by the crucible method, using crucibles of fusedtoonum oxide and melting the metal in an induction furnace.

II. PREVIOUS WORK
Since 1912 two determinations of the melting point of platinum
\ "Ported. In 1924 Hoffmann,* using the wire method in

»» »'<l„nn wound furnace, obtained the value 1,771° C. on the scale
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1,063 C. for the melting point of gold and a value of 1.430 cm
degrees for C2 This value reduces to 1,769.5° C. on the present
International Temperature Scale based on C2

= 1.432 cm degrees
Since the completion of the work described in this paper Ribaud andMohr reported measurements on tubes of platinum, such as were

f7lo
b^0rthmg m the case of tungsten, and obtained a value of

L
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Reviewing the literature, we find 14 independent determinations
ot the melting pomt of platinum. Nine of these, listed in Table 1
were made by employing uncertain extrapolation methods and al-
though they were of value at the time they were made, they are now
considered to be of historical interest only. The remaining five,
including the two recent determinations noted above, are listed in
Table 2. These five determinations were made by measuring with
an optical pyrometer the ratio of brightness of black bodies at the
melting points of gold and platinum, respectively, and calculating
the platinum point by means of Wien's law of radiation.

Table 1.

—

Determinations of the melting point of platinum by extrapolation methods

Observers Date Property extrapolated Reported
value

Corrected
value on
present
scale

Viollei
Year
1877
1892
1892
1905
1905
1905
1907
1907
1912

Specific heat
C.

1,779
1,855
1,780
1,710
1,710
1,729
1,731

1,750
1,752

° C.

Barus 2 - Electomotive force

Holborn and Wien 3 .. -__- do
do. .

do.
Do. 5 - 1,739

Do. 6 - 1,761

1,755

i Violle, Comp. Rend., 85, p. 543; 1877.
2 Barus, Bull., 54, U. S. Geological Survey; 1889. Die Physikalische Behandlung und die messung

hoher Temperaturen, Leipzig; 1892.

3 Holborn and Wien, Wied, Ann., 47, p. 107; 1892.

« Harker, Royal Society, A., 76, 1905.
« Holborn and Henning, Sitz. Ber. d. Koen Preuss. Akad. Wis., p. 311; 1905.

• Waidner and Burgess, B. S. Bull., 3, p. 163; 1907.

i Day and Sosman, Am. J. Sci., 33, p. 517; 1912.

Table 2.

—

Determinations of the melting point of platinum with optical pyrometer

by the ratio of brightness method

Observers

Nernst and Von Wartenburg
Holborn and Valentiner 2

Waidner and Burgess 3

Hoffmann 4 -

Ribaud and Mohr 5

Authors

Date

Year
1906
1907
1907
1924

1931

1931

Scale used

Oi

cm deg.

1.46
1.42
1.45
1.430
1.432
1.432

Au point

1,064
1,064
1,064
1,063
1,063
1,063

Value
reported

C.
1,745

1,789
1,753
1,771

1, 762

1, 773.

Value on
the Inter-

national
Tempera-
ture Scale

° C.
i.7-;:i

1.777

1,764
1, 769. 5
1.7(1-'

1, 773. 5

i Nernst and Von Wartenberg, Verh. d. Deut. Phys. Ges p. 48; 1906.

2 Holborn and Valentiner, Ann. d. Phys., (4) 22, p. 1; 1907.

3 Waidner and Burgess, B. S. Bull., 3, p. 163; 1907.

< Fr. Hoffmann, Zeits. f. Phys., 27, p. 285; 1924.

s G. Ribaud and P. Mohr., Comp. Rend., 192, p. 37; 1931.

» G. Ribaud and P. Mohr, Comp. Rend., 192, p. 37; 1931.



1 122 Bureau of Standards Journal of Research [ vw. e

III. PRESENT WORK
1. TEMPERATURE SCALE USED AND COMPUTATION METHODS

On the International Temperature Scale adopted in 1927, the

temperature t, in ° C, of a black body above the freezing point of

gold (1,063° C. or 1,336° K.) is denned by the formula:

loge fis=lo& Jr^ir (lMG~t + 27s) (1)

(where)

a
j1
=

(7lX-^
M»336

a
J=Q\-*e x (* + 273

> (Wien'slaw)

and ^2= 1.432 cm deg.

!

(2)

(3)

Scale, in Centimeters

Figure 1

—

Platinum black body used in calibrating optical pyrometers

The brightness ratio j-for the platinum point, using red light, is

approximately 300, and consequently a sector disk of about 1°
angular opening would be required to measure this ratio in one step.
ine uncertainty m the measurement of such an opening would be
""<>i|t 20 seconds of arc corresponding to an uncertainty of nearly 1°
'" tne computed temperature. The use of sector disks of larger
["''.i,,-s to measure the ratio in two steps very materiaUy reduces the

';"<'<'<tamty due to the errors of measurement of the angular opening.
<• ^ample, two of the sectors, No. 3 and No. 2, used in this worl

n... t respectively 0.7611 and 2.6258 per cent of light, an uncer-

i , li

Sl>(

°i

nd
n X the

,

measurement of the angular opening cor-
res MMulmjr to only 0.4° and 0.1°C., respectively.

touTcX^!*
ratVf briSht»ess ^ two steps, the hollow plat-

in di^ ? Flgur
<!* was used ^ obtain measurements atremediate temperatures. The cylinder was inclosed to prevent
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air currents produced by the rotating sector disk from causing fluc-
tuations in the temperature of the cylinder. The inclosed space was
evacuated to prevent overheating of the glass window. The thick
walls and the form of the platinum cylinder insure a fairly high do"-,r( .

of temperature uniformity inside the cylinder and by the use of storage
batteries for supplying power to the furnace, the temperature could
be maintained very nearly constant.
The procedure followed in taking observations and the methods of

computing the freezing point of the platinum will appear from the
following examples. The value given in (b) of each example was
obtained by observer W. F. K. as the mean of all observations with this
pyrometer, sector, and ingot. All other values given in these examples
are the means for the three observers. The mean for the three
observers at the gold point and at the intermediate temperatures
were used throughout, since the variations among the values by the
various observers were equivalent to not more than 0.3°C.
The first example is for pyrometer lamp FlO when using sector

No. 2 (transmission 2.6258 per cent).

(a) The telescope was sighted into the black body immersed in freezing gold
and the lamp current required to obtain a brightness match was found to
be 0.11680 ampere. (No sector used.)

(6) The telescope was sighted through sector No. 2 into the black body immersed
in freezing platinum and the lamp current required to obtain a brightness
match was now found to be 0.14944 ampere.

(c) The telescope was sighted through a sector disk of 13.013 per cent trans-

mission into the black body shown in Figure 1, the temperature of which
was adjusted so that a match was obtained when the current through the

lamp was 0.11680 ampere.
(d) With the temperature of the black body maintained constant at the same

temperature as in (c), the sector was removed and the lamp current now
required to obtain a match was found to be 0.14911 ampere.

(e) Substituting in the equation (1) defining the temperature scale:

0.13013
f°r

7~i

and 0.6537 X10~4 cm for X, the effective wave length for the temperature

interval in question, the temperature of the black body was found to be

1,252.8° C.

(/) From the temperature 1,252.8° C. for 0.14911 ampere and the corresponding

value of — for lamp FlO, we find that 0.14944 ampere corresponds to

dt

1,254.6° C.

(a) The equation:W
.: J 1.432/ 1 IN (4)l0g<

7^~"~T7
Vl,254.6+ 273 t+ 273j

similar to equation (1), may be derived from Wien's law and upon substi-

tuting for £., o^W and f°r X '' °-65226X10
" 4 Cm

'

thG effeCtWe WUVU

length of the* red screen for the temperature interval used here, we obtain

1,772.6° C. for the freezing point of platinum from this particular set of

observations.

The next example is for pyrometer lamp FlO when using sector

disk No. 3. (Transmission 0.7611 per cent.)

(a) The current required to obtain a brightness match at the freezing point of

gold was 0.11680 ampere as before. . , ,
.

(6) The telescope was sighted through sector^diak No.8-ijrto^tfoe N«««W
immersed in freezing platinum, and the current required to obtain a

brightness match was found to be 0.12781 ampere.

55946—31 14
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(c) By using sector disks with various openings, the current-temperature relation

of the lamp was determined by the method employed in (c), (d), and (e)

of the first example.

(d) From this relation, we find that the current of 0.12781 ampere corresponds

to a temperature of 1,133.5° C.

(e) Using the equation

:

i
J -1AS1 ( X 1 \ its

i0ge
Jm~ X" Vl,133.5+ 273 £+ 2737

m

also similar to equation (1), and substituting
QQ7611

for 7~and for x">

0.65262 X10-4 cm, the effective wave length of the red screen for the
temperature interval used here, we obtain 1,773.4° C. for the freezing point

of platinum from this set of observations.

The mean effective wave length, X, of the red glass screen for a

given temperature interval 0i to 62 is that wave length at which the

ratio of black body radiation intensities at the two temperatures is

equal to the ratio of the brightness of a black body at X to that of a

black body at 62 , both viewed through the red screen. The values of

X were computed from the spectral transmission of the red glass

filter and the average observer's visibility curve as described by Fair-
child, Hoover, and Peters. 10 Characteristics of the red glass screen
are given in that paper.

All the sector disks used had two openings and were made by
mounting steel strips on aluminum disks. The edges of the steel
strips were ground or "lapped" straight and aligned to be radial
with the aid of a circular dividing engine.

2. EXPERIMENTAL PROCEDURE
The observations on the freezing point of platinum were made

upon the same crucibles of platinum as were used in the work on
"The Waidner-Burgess Standard of Light" n reported elsewhere in
this journal. The platinum (approximately 185 g) containing the
immersed black body is shown in Figure 2. The sight tube or
immersed black body, and the crucible were of a very pure grade of
fused thorium oxide as described elsewhere 12 in this journal. The
crucibles and sight tubes used with both the platinum and the gold
were identical in all respects. The metals were both melted in air,
by means of a high-frequency induction furnace. There are several
advantages to be gained by the use of this type of furnace, the
important ones being the stirring of the molten metal mentioned
earlier and the freedom from contamination such as might occur from
I"' metallic vapors from the winding in a resistance type of electric
lurnace. Cracking of the crucible caused no trouble, since the molten
[fitai will not flow through narrow cracks in the crucible unless

beated greatly above the melting point.
I nvo separate lots of platinum designated as ingot No. 1 and ingot

no. ~ prepared at this bureau especially for this purpose, and two
ote ol ^old, the purest obtainable from the Bureau of the Mint, were

lu 1, S
l
f
ma

1

de of the Purity of the platinum are described

_Z_!L_!
ind indlcate that the degree of contamination was

" l.
I>. 1120.

'

'

"Tbrow, and Caldwell, B. 8.CKa, 6, p. 1103; 1931.
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m figure 3, has been described by Fairchild and Hoover. 14 The

o
CM

Platinum

UnFUSED
Thoria

POWOCREO
Fused

^Thoria

Figure 2.

—

Cross-section shoioing 'platinum, sight tube, crucible,

and insulation

other pyrometer similar to the first, but giving a much higher magni-
fication, was designed for use as a micropyrometer. The precision

attainable with this pyrometer containing lamp F15, was slightly

less than that attainable with the first, containing lamp FlO, but the

mean of the series of values obtained with it was nevertheless given

the same weight as each of the two series obtained with the other

pyrometer.
The telescopes were equipped with 45° total reflecting prims so

that the telescopes were horizontal while the crucibles were vertical.

» Fairchild and Hoover, J. Opt. Soc. Am. and Rev. Sci. Insts., 7, No. 7, p. 543; 1923.
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3. RESULTS

All three of the authors served as observers. A value for the

freezing point was calculated from the results of each observer using

each sector disk with each lamp on each lot of platinum, excepting

that lamp F15 was not used on the first lot of platinum, ingot No. 1.

The 18 values thus obtained, representing 43 freezes of platinum and
47 freezes of gold are listed in Table 3. The average number of

pyrometer settings during one freeze was 12, so that slightly more
than 500 pyrometer settings were made at the platinum point and
about the same number at the gold point. Approximately the same
number, of observations were made to fix the intermediate tempera-
tures as described.

The values obtained during a typical freeze are plotted in Figure 4.

The pryometer field wTas matched at time intervals of approximately

Figure 3.

—

Disappearing filament type optical pyrometer

30 seconds. The curve shows undercooling which occurred almost
invariably. The maximum deviation of any observation from the
mean in Figure 4 is 0.8° C, although in some freezes it amounted to
1 .U v>.

Table 3.—Summary of determinations of the freezing point of platinum

Observer

Ingot No. 1 lamp
F10

Ingot No. 2 lamp
FiO

Ingot No. 2 lamp
F15

Mean for

Sector
No. 2

Sector
No. 3

Sector
No. 2

Sector
No. 3

Sector
No. 2

Sector
No. 3

observer

II. T. W °C.
1, 773. 7
1,771.1

1, 772. 1

°C.
1,774.0
1,77.17
1,771.9

°C.
1, 773.

1, 772. 6
1, 771. 9

°C.
1, 773. 7
1, 773. 4
1, 773. 3

°C.
1, 774.

1, 773. 6
1, 773. 2

1, 775.

8

1, 775. 3

1, 774.

°a
R . . 1, 774.

1, 773. 8

1, 772. 7

1, 773. 3 1. 773. 2 1, 772. 5 1, 773. 5 1, 773. 6 1, 775. 1, 773. 5

1. 773. 2
1, 773. 1,7: 4.3

F . P.= 1,773. 5° C. Int
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The observations on the crucible of gold taken throughout the work
indicated that any change which took place in the pyrometer lamps
corresponded to not over 0.1° C, the limit that can be detected with
the pyrometers used. After the observations on the platinum were
completed, a new crucible of gold was made up and observations with
each lamp on the second crucible differed by less than 0.1° C, from
those on the first crucible.

The values of 1,773.5° and 1,063.0° C, for the freezing points
of platinum and gold correspond to a brightness ratio of 299.0 for
A = 0.6528/*, the effective wave length of the color filter for the
temperature interval 1,063° to 1,773.5° C.

•c
M

1
\

3
+2

+1

M

Pl_A TINWM F K.CCZ.C #5

8-16- 29

• •
i . •

L

*
i ... !

jeanv/ixHue A

<
i

<

• < • '

•v^

-a

-3

-4
<3 \ ;i 3 ir 5 6 7 8 9 I

Time in Minutes (Approximate}

Figure 4.

—

Sample freezing curve, showing variations of pyrometer settings

about the mean

4. SOURCES OF ERROR

A summary of the estimated errors is given in Table 4. All of these

estimates are maximum values. The errors in the transmission of the

sector disks, in the effective wave length, and in the photometric

matching are not difficult to estimate, since these factors have been

studied for a period of years. The estimate of 0.3° C. for the maxi-

Table 4.—Summary of estimated errors

Source of error

Transmission of sector

Efiective wave length
Photometric matching -,-v -

y

-

-"~S •
tVon <="

Temperature gradients and lack of black body conditions

Impurity of metal - -

Maximum error if all are of same sign..
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mum error due to the lack of black body conditions and temperature

gradients in the walls of the sight tube is based upon measurements

made at the freezing point of gold using thorium oxide and graphite

black bodies A hollow inclosure of graphite immersed m a freezmg

metal may be taken as a 100 per cent black body for this purpose and

the temperature drop through the wall may be neglected, smce the

thermal conductivity of graphite is known to be high. The measure-

ments indicated that the brightness of the thorium oxide black body

was higher than that of the graphite black body by an amount equiva-

lent to 0.1° C. This difference is opposite in sign to the difference

that one deduces from a consideration of the physical properties of

these materials. However, since the accuracy of the determination

was only 0.15° C, the difference is not significant.

The error due to the impurities in the metal was computed from

simple assumptions regarding the depression of the freezing point by
impurities in solution.

At first glance it may appear that the estimates of the errors are

smaller than would be justified by the variations in the values listed in

Table 3, especially since these values indicate systematic variations.

For example, the differences between the values for individual ob-

servers point to errors in the effective wave lengths used which result

in differences from the mean of 0.5°, 0.3°, and 0.8°, respectively.

The final average, however, should not be in error from this cause by
more than 0.4°.

It should be pointed out that the largest differences occur between
the values obtained with the two lamps, and that the pyrometer con-
taining lamp F15 was not capable of yielding the precision obtained
with the other. The estimate of 0.5° for the photometric matching
does not mean, for example, that the observations with F15 may not
be affected by more than this, but that the final mean can scarcely be
in error by more than 0.5° from this cause. Moreover the variations
in Table 3 are not all due to one cause. A different red screen was
used with the two pyrometer lamps, requiring an independent deter-
mination of the spectral transmission from which to compute the
effective wave length to be used.
While the less precise observations with lamp F15 have apparently

been given equal weight with those taken with lamp F10, this is

really not the case. Of the 43 freezes taken, 30 were obtained with
ingot No. 2. Of these 30 freezes, 12 were obtained with F10 and 18
with F15, but these 18 have been given equal weight with the 12 with
F10. Moreover, since two-thirds of the values in Table 3 were ob-
t Mined with lamp F10, the final average is determined largely by the
results obtained with the pyrometer of greater precision. On the
whole, the agreement between the values obtained with the two
pyrometers is all that could be expected under the circumstances,
MM the final mean does not depend greatly on the method used in
averaging the results.

lae probable error of the mean, based on the agreement among
tnemselvee oi the 18 values of Table 3, is 0.15° C. The value obtained
tor the freezmg point, 1,773.5° C. Int., is considered to be accurate

m



wSi
CaldweU

]
The Freezing Point of Platinum 1 129

IV. SUMMARY

The freezing point of platinum has been determined on two dis-

tinct lots of metal of exceptionally high purity. Measurements
were made by three observers using two precision optical pyrometers.
Hollow inclosures of fused thorium oxide were immersed in moll on

platinum and in molten gold. The metals were melted in air in fused

thorium oxide crucibles by means of a high frequency induction

furnace. Observations of the relative brightness, at wave length

0.6528m, during the freezing of the metals yielded 1,773.5° C. for the

freezing point of platinum on the International Temperature Scale

on which the freezing point of gold is 1,063° C. and the value of C2 ,

the second constant in Wien's law, is 1.432 cm degrees. The ratio

of brightness for the above wave length was found to be 299.0.

The value obtained for the freezing point is considered to be cor-

rect within ± 1° C.
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