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Realization of Low Temperature Triple Point
Using Transportable Sealed Cell

Akira Inaba

The use of a transportable sealed cell is illustrated in realization of the triple point at low

temperatures.

The long term, sample-to-sample, and run-torun reproducibilities of the cells are

discussed together with results obtained at the National Research Laboratory of Metrology.
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Table 1. Defining fixed points of the IPTS-68
at 10W temperatures.

T/ K

Triple point of water 273.16

Normal boiling point of oxygen 90.188

Triple point of oxygen 54.361

Normal boiling point of neon 27.102

Normal boiling point of equilibrium hydrogen 20.28

Boiling point of equilibrium hydrogen 17. 042
at a pressure of 25/76 standard atmosphere .

Triple point of equilibrium hydrogen 13.81
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Fig. 1. Reproducibility of IPTS-68 deduced from
measurements on 14 thermometers, using
their original calibrations®: greatest devi-
ations (solid curve) and boundary within
which lie 2/3 of the deviations (broken
curve).

Fig, 2. Water triple point cell.®)
A. Heavy black felt shield against ambient
radiation.
Polyethylene tube for guiding the ther-
mometer into the well.
Water vapor.
Borosilicate glass cell.
Water from ice bath.
Thermometer well.
Ice mantle.
Air-free water.
Aluminum bushing with internal taper
at upper end to guide the thermometer
into the close-fitting inner bore.
J. Polyurethane sponge.
K. Finely divided ice and water.
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Fig. 3. Diagram of the pressure cell for the argon
sample.®)

. Capillary tube, pinched flat and welded.

Sample cell, stainless steel.

Cell heater.

. Copper cylinder, for adjusting con-

densed sample space.

Copper girth ring.

Copper strips for thermal anchoring.

. Condensed sample space.

. Copper sleeve, grooved for venting air.

Copper shell.

Platinum resistance thermometer.
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Table 2 Stated purity and pressure in the cell
at room temperature of the samples
used.

Sample Purity* Pressure/kg cm™*
H. 7N 69
Ne 4N 99
O. 4N 53
N- 5N5 45
Ar 5N5 52
Kr 4N 39
Xe 4N 28
CO: 4N 36
CH, 3NS5 37

# In this column, the notation 5N5, for
example, indicates a purity of 99.9995%;.

thermometer well

- 53 mm ———=

platinum thermometer

N\

heater 150 @
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Fig. 4. Construction of the sealed cell designed by NRLM.®
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Fig. 5. Melting curves of argon.
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Fig. 6. Plot of W vs. =1 for melting curves
of argon.

Table 3 Calibration of a standard platinum
resistance thermometer at the triple
point of argon.

Cell Run 3% Purity
AR-7701 1 0.216 063 17 5 ppm (A)
2 062 84
3 062 63
4 062 71
AR-7702 1 0.216 062 97 17 ppm (A)
2 062 75
AR-7801 1 0.216 062 97 0.8 ppm (B)
2 062 70
AR-7802 1 0.216 062 85 0.8 ppm ; B)
2 063 00
AR-7803 1 0.216 062 65 0.8 ppm (B)
2 062 87
Mean : 0.216 062 84
Standard deviation : -+ 0.04 mK
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Fig. 7. Melting curves of equilibrium hydrogen.
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Table 4 Calibration of a standard platinum
resistance thermometer at the triple:

point of equilibrium hydrogen.

Cell Run w Purity
HY-7801 E 1 0.001 334 895 0.6 ppm
2 901
3 896
4 890
5 893
HY-7803 E 1 0.001 334 900 0.6 ppm
2 898
3 893
Mean : 0.001 334 896
Standard deviation : +0.02 mK
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Fig. 8. Two types of melting curves of hydrogen
with catalyst: Run1 (@), equilibrium
hydrogen; Run 2 (), hydrogen with
inhomogeneity in spin composition which
was prepared after Run 1 by temporarily
heating up to 50 K and then cooling again.
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Fig. 9. Decrease of the triple point temperature
of normal hydrogen.
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Table 5 Melting width and reproducibility of
the triple points measured.
Tri i i G
rpigilre]t Me/ltxr(l)gzvilii]th Reproducibility
e-H. 13.81K 0.03 mK +0.02 mK
Ne 24.563K 0.17 mK +0.03 mK
O, 54.361K (.25 mK +0.07 mK
N. 63.145K 0.03 mK +0.03 mK
. - 0.14 mK, 0.84 mK, .
Ar 83.798K 3.5 mK +0.04 mK
Kr 115.766K 3.6 mK, 10 mK +0.12 mK
Xe 161.392K 7.2 mK, 11 mK +0.20 mK
CO: 216.576K 0.7mK, 1.1mK +0.09 mK
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Fig. 10. Behaviors of four samples of methane.
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Fig. 11. Results of undercooling experiments for
carbon dioxide represented by the condi-
tions of annealing time and temperature:
@, undercooled by 15 K; O, undercooled
by less than 0.5 K; and A, undercooled
by about 7 K.
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