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Abstract The argon triple point (799 = 83.8058 K) is a fixed point of the International
Temperature Scale of Preston-Thomas (Metrologia 27:3, 1990). Cells for realization
of the fixed point have been manufactured by several European metrology institutes
(Pavese in Metrologia 14:93, 1978; Pavese et al. in Temperature, part 1, American
Institute of Physics, College Park, 2003; Hermier et al. in Temperature, part 1, Amer-
ican Institute of Physics, College Park, 2003; Pavese and Beciet in Modern gas-based
temperature and pressure measurement, Springer, New York, 2013). The Institute of
Low Temperature and Structure Research has in its disposal a few argon cells of var-
ious constructions used for calibration of capsule-type standard platinum resistance
thermometers (CSPRT) that were produced within 40 years. These cells differ in terms
of mechanical design and thermal properties, as well as source of gas filling the cell.
This paper presents data on differences between temperature values obtained during
the realization of the triple point of argon in these cells. For determination of the tem-
perature, a heat-pulse method was applied (Pavese and Beciet in Modern gas-based
temperature and pressure measurement, Springer, New York, 2013). The comparisons
were performed using three CSPRTs. The temperatures difference was determined
in relation to a reference function W(T) = R(T9o)/R(271.16K) in order to avoid
an impact of CSPRT resistance drift between measurements in the argon cells. Melt-
ing curves and uncertainty budgets of the measurements are given in the paper. A
construction of measuring apparatus is also presented in this paper.
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1 Introduction

The argon triple point (799 = 83.8058 K) is a definitional fixed point of the Inter-
national Temperature Scale of 1990. For realization of the point, miniature cells that
contained high-purity argon, under a high pressure near 10 MPa at room temperature,
can be used [6]. The temperature of argon during the transition realization in the minia-
ture cells is measured with CSPRTs. Various types of sealed cells were manufactured
and implemented for the realization of the triple point of argon within 40 years in sev-
eral metrology institutes. An internal construction and a filling method are the main
differences between these devices. Five miniature argon sealed cells manufactured
at different metrology institutes—IMGC/INRiM in Italy, BNM/LNE—LNE-Cnam
(France) and VNIIFTRI (Russia) are currently used at INTiBS.

The temperature differences of the phase transition realized in these cells were
determined during the experiment. The phase transition of argon was performed under
nearly adiabatic conditions, using a home-made cryostat cooled with liquid nitrogen.

2 Argon Cells

Numbers of the tested argon cells and their producers are presented in Table 1.

The cells construction, suppliers of the gas used for filling the cell and the methods
of filling were different. Some important details of the constructions are presented in
Fig. 1.

Preliminary tests showed that all cells contain argon and the amount of the gas
was sufficient to realize the fixed point correctly. In the case of cells LIII, IV and V,
the copper heat exchangers for realization of a thermal contact between the cell and
CSPRTs were made (see Fig. 1). The heaters made of a high-resistivity wire were
attached to the heat exchangers (cells I and III) or to the cell wall (cells II, IV and
V). The heater was used to increase the cell temperature up to the triple point after
freezing of the argon. The heater controlled by an electronic system allows to melt the
substance in a controlled manner by putting the energy in a form of heat pulses while
realizing the phase transition.

Table 1 The tested argon triple-point cells

Cell Number Manufacturer

I E5Ar-2001 IMGC-CNR (now is INRIM), Italy

1T 3Ar-6-V-86

1 Ar05/3 BNM-INM (now is LNE-Cnam), France
1A% Ar01-2

\% 796 VNIIFTRI, Russia
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Fig.1 Construction of the argon triple-point cells; (a)—heat exchanger, (b)—CSPRT, (c)—cell wall, (d)—
argon chamber

Fig. 2 Construction of the
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A construction of the home-made cryostat used for the comparisons is presented
in Fig. 2. The cryogenic equipment is an element of the Polish National Temperature
Standard in the range 13.8033 K to 273.16 K [7]. During the experiment, the argon
cell (a) with CSPRT (b) was placed in the vacuum chamber (c) in the cryostat. The
chamber construction and the method of performing the experiment ensure near adi-
abatic conditions in the cryostat chamber. The cell was surrounded by two thermal
shields (d) with controlled temperature. The temperature of the internal shield was set
near the argon triple-point temperature, therefore reducing the parasitic heat transfer
between the cell and outer environment. The cell was attached to the internal shield
with the plastic thread (e). The cryostat was cooled down with liquid nitrogen.

For temperature measurements, the following CSPRTs were used: Tinsley no.
217987, CHINO RS158-05 and CHINO RS158-06. The temperature measurements
in the cells I-IV were performed with three thermometers, and in the cell V, two
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thermometers only could be used because of the heat exchanger construction. The
resistance of the thermometers was measured using the FLUKE 1595A Super-
Thermometer ratio bridge. The Tinsley 25 2 resistor Rg, placed in a thermostat,
was used as a standard resistor.

3 Experiment

Before the comparison and after measurements performed in the argon cells, the resis-
tance Rtpw of each CSPRTs was measured at the triple point of water. The temperature
differences ATtpw = (Rpefore — Rafter)d7 /dR are presented in Fig. 3. It should be
noted that the thermometers demonstrated a high stability of their characteristics.

Initially the argon cell was cooled to the liquid nitrogen temperature in order to
freeze the substance. Cooling was performed by filling the vacuum chamber of the
cryostat with gaseous helium, used as a heat switch between the cell and liquid nitrogen.
After freezing the argon helium was pumped out and the temperature of the thermal
shields was increased to the required value. Thereafter, the cell was heated to reached
the temperature value closed to the argon triple point (77par). The beginning of the
phase transition of argon (beginning of melting) was identified as a beginning of
the plateau on the CSPRTs resistance curve. Measurement of the CSPRTs resistance
Rt1(F) was performed as a function of percentage of melted argon in the cell:

F = Miiguid Ar

Myotal Ar

where miiquig Ar means the amount of melted fraction and m1yoa) Ar—the total amount
of argon in the cell. The heat-pulse method was applied for determination of the melt-
ing curves [5]. This method is based on applying heat pulses of known energy to the
cell. The amount of energy during the heat pulse was chosen individually for every
cell. One pulse gives the energy equal to the 5 %—10 % of the whole phase transition
heat of the argon in the cell. After every pulse, time delay needed for stabilization of
the cell temperature was applied. The CSPRT resistance value was measured in stable
conditions, when the observed thermal drift was less than 0.1 mK. The resistance of
CSPRT for the given F value was a mean of 200 measurements. During the measure-
ment of each cell, the total amount of argon contained in a cell was melted up to the
value F = 1.

The melting curves registered by the Tinsley 217987 CSPRT in all tested argon
cells are presented in Fig. 4.
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Fig. 4 Melting plateaux of the argon in the tested cells
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Then, the value Rt for F = 0.5 was taken to the further analysis.

To eliminate a self-heating effect of thermometer with the measurement current,
the value Rt for IT = 0 was determined. CSPRT resistance was measured for three
currents values: 1 mA, /2mA and 2 mA. Then the linear regression function was
applied, and the value Rt (It = 0) was estimated. The method of determining Rt (It =
0) is presented in Fig. 5.

The determination of the temperatures difference ATy xy between the argon cells
was the main result of the comparison. The ATy xy value for the x — th cell measured
by y thermometer is defined as:

dT
ATW,xy = (RW,xy - RWmean,y)ﬁy

where Rw xy means y CSPRT resistance in the x-th cell and Rwmean,y stands for the
mean resistance value of the y CSPRT determined in all cells. The d7'/dR value is the
sensitivity of the platinum thermometers equal to 10 K/2 at the Ttpa, temperature.
Both values—Rw xy and Rwmean,y—Wwere determined for ' = 0.5. The Rw xy and
Rwmean,y values included the influence of the CSPRT drift. The R xy is defined as:

Rx,y(TAr)

R, T
Ry(TTPW) y,mean( TPW)

RW’xy -

where Ry y(Tar) is the y CSPRT resistance in x-th cell at Ttpa;. Ry(Ttpw) is the y
CSPRT resistance at Ttpw and Ry mean(I7pw) the mean y CSPRT resistance in all
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Table 2 ATy value for the

cells IV Cell ATy, mK
I 0.15
11 —0.16
it 0.00
v —0.04
\'% 0.00
0.3
0.2 +
é 0.1
- 0 I =
E b 4 @ . ]
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Argon Cell
Fig. 6 ATyy value for the cells -V
Table 3 ATy uncertainty .
11
budgets for the cells IV, Uncertainty component Ce!
component values in pK I II it v v
Static thermal effect 50 15 22 20 15
Dynamic thermal effect 5 5 10 5 10
Reproducibility of thermometer 2 2 2 2 2
Determination of F = 0.5 18 30 17 5 4
Measurement noise 6 4 5 6
Ry thermal drift 4 4 4 4

Combined standard uncertainty 54 35 31 22 20

cells, defined as:

%
1
RWmean,y = 5 Z RW,xy
X—1I

The ATw xy values were determined independently for each thermometer. ATw
values are determined as the mean value indicated by all thermometers in individual
cells.ATyw values are presented in Table 2 and shown in Fig. 6.

Table 3 presents the uncertainty budget for the ATw values determination. The
uncertainty components were estimated in accordance with the guidelines published
in [8].
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4 Conclusion

The results presented in this paper refers to the argon triple-point cells of a different
construction that were manufactured in three metrology institutes during last 40 years.
Differences in the construction of the cells have a noticeable impact on their thermal
resistance and in consequence have an influence on the static thermal effect uncertainty
component. The maximum value of this component is observed for the cell I (E5Ar-
2001). In the cell, a thermal contact between the thermometer and the cell is realized
on a small surface.

The largest plateau width equal to 0.12 mK for F between 0.2 and 0.8 was observed
in cell II. The smallest value (0.02 mK) was observed for cell V. This may be due to
the fact that the cell was filled with the gas of the highest purity.

The maximum difference of the argon triple-point temperature realized in all cells
was lower than 0.31 mK with standard uncertainty u(A7T) = 0.07 mK. Neither
manufacturing date nor the method of filling of the cells affects a significant change
in the temperature of the triple point. This confirms that the production process of all
cells maintains appropriate technological conditions
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