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Abstract: A comparison of some defining temperaturecell is pumped out and heated until the contentghef
fixed-points on the ITS-90 was carried out at thetidhal crucible are molten, and then argon is admitted Hred
Institute of Standards using four calibrated SPRTBe pressure adjusted to one atmosphere at the fixid-po
comparison was performed using large and smalledeal temperature. The silica pumping tube at the tofhefcell is
cells from two different sources. The large celiamely then sealed off. The cells are mounted in an Incbakler
setl cells and taken as reference cells were eghlising (460 mm high), closed at the bottom, with a therratan
the same technique used with the small cells (s@tBg guide tube assembly above as described elsewh{8k in
main task is to study the set2 cells and the piisgilof The second set of fixed-points (set2) manufactured
using them instead of the large size (referencd)s.ce Hart Scientific-USA are small cells of purities @.9999 %
Measurements showed good results and some agreemantl having 43 mm outer diameter, 8 mm well inner-
between the two sets. The differences betweenef@ecells diameter and 214 mm height. Figure (1) shows thectstre
and reference cells setl were well within 2 mK. of the fixed-point cell for the both sets.
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1. INTRODUCTION

One of the fundamental responsibilities of the bzl
Institute of Standards (NIS) in Egypt is to estsili
maintain and disseminate the International Tempesat
Scale of 1990 (ITS-90) [1]. To meet this task thermal
metrology laboratory of NIS has realized the ITS{B@d
points from 83 K up to 2200 °C [2-5]. The metrolai
equivalence with the thermometry basis is estabtish
through inter-comparisons. In-between these inter-
comparison, the stability of the individual fixedipt is
verified by comparing two sets, each of three fiyednts
“indium (In), tin (Sn) & zinc (Zn)". The two setsra
manufactured by two different sources: National $ital
Laboratory (NPL-England “setl”) and (Hart Sciemtift
USA “set2”). The two sets of cells are sealed cells
correspond to the design described in Supplementary
Information for the International Temperature Scald 990
[6], contain substances of at least 99.9999 % arid are
of both design short and long. Four stable, caldaralong-
stem Standard Platinum Resistance ThermometersT(§PR
are used through the comparison.

Set2 cell

2. EQUIPMENT AND METHODS

The first set of fixed-points (setl), adopted ag th '
reference cells, manufactured by NPL-England argela U
cells of purities of 99.9999 %. They have been oager an
inert atmosphere. Each crucible (external lengtB4gf mm) Fig. 1. Fixed-point cell
is then sealed in a silica outer tube, slightlygenthan the
graphite crucible, with an integral silica liningube Two “three-zone” furnaces are used to realize tkedf

extending to the bottom of the graphite well. &ilff, the  oints. All measurements with SPRTSs, described abld



1),
resistance bridge “ASL-F18”, associated with 1Q0“H.
Tinsley” standard resistor maintained at 20 °C tagdled by
a computer.

Table 1. SPRTSs specifications.

SPRT Serial No.
H. Tinsley 274241
H. Tinsley 274242
H. Tinsley 274243
H. Tinsley 263585

Measurements were taken with a SPRT at setl cdll an
sequentially to determine the temperatur]

set2 cell
difference between them. This difference can berdghed
directly by the change in the W value /@Rs). The
measurements were corrected for immersion deptitsalfid
heating, but not for cell pressure because it tongsible to
access the sealed cell pressure. Thus, the twoosetach
fixed point are characterized through two mutua
temperature differences.

The experiments were started by inserting the Jamé
point cells from the two sets into the two furnae¢sach
set point, such that the In cells were insertest,fiand after
finishing measurements the Sn cells were then cedland
finally the Zn cells were inserted. The set poimed for the
realization of the In, Sn and Zn freezing pointsevé56,
237, 425 °C respectively the night before use,hsd the
ingot melted overnight. In the morning the tempares

are done automatically using an AC automati@.7 mK per meter of head in In, Sn, Zn respectivélge

depths in setl and set2 cells are 17, 14.5 cm ctgply,
and the distance from the metal surface to the poidt of
the sensing element of the thermometer is about 1L.&, cm
respectively. The head correction therefore amoim€46,
0.30, 0.38 mK for In, Sn, Zn respectively of setihd
amounts to 0.38, 0.25, 0.31 mK for In, Sn, Zn retpely

of set2. These are equivalent to 0.000045, 0.000028
0.000032 Q for the used thermometers, and may be
corrected for by subtracting these values fromntieasured
resistances. The measured resistances of the lapn&mZn
cells were thus corrected for the self-heatingatfnd the
hydrostatic head as shown in Table (2).

Table 2. Measured resistances of fixed points.

€ SPRT 274241 274242 274243 263585
In (setl) | ----------- 40.899623| 40.954597  40.989607
In (set2) | -------mme- 40.899476| 40.954407 40.989416
Sn (setl) | 47.725106| 48.08877% 48.153428
Sn (set2) | 47.724891| 48.088569 48.1532%5
Zn (setl) | 64.770916| ----=------- 65.352180  65.408287
Zn (set2) | 64.770709| ---------em 65.35200%  65.408035

Tables (3), (4) and (5) show the temperature diffees
found in In, Sn and Zn cells respectively in theo teets.
Values in these tables are the averages of 15fannsach
SPRT.

Table 3. Measured differences of In cells.

were reduced to 153.6, 231, 419 °C. Once a stable gprt 274242 | 274243] 263585  Average
temperature on the platecau has been established
In (setl) K2 | 40.899623| 40.954552 40.989562  ----------t
measurements were begun.
In (set2) & | 40.899476| 40.954407 40.989416  ----------t
In cell diff.
3. RESULTS AND DISCUSSION (setl-set2) 1.46 1.45 1.46 1.46 +0.01
. . - /mK
A typical freezing, for example, of indium cell {8
with the conditions described above is shown inukFag?2). _
Table 4. Measured differences of Sn cells.
SPRT 274241 274242 274243 Average
Josmk Sn (setl) 2 | 47.725106| 48.088775 48.153428  ----------
4 08524107 Sn (set2) 2 | 47.724891| 48.088569 48.153255  ---------—
Sn cell diff.
2 (setl-set2) 2.14 2.06 1.73 1.98 +0.22
g ; /mK
% 400822107 1 %
Table 5. Measured differences of Zn cells.
¥
409520410 §; SPRT 274241 274243 263585 Average
% Zn (setl) &2 | 64.770916| 65.35218  65.408287  -----------
o P o3 - * Zn (set2) 2 | 64.770709) 65.352005 65.408035  ----------t
e e Zn cell diff.
(setl-set2) 2.07 1.75 2.52 2.11 +0.39
Fig. 2. Atypical freezing curve of indium cell (8t2) /mK

Since the temperature sensed by a thermometerein t
cell will be higher than the freezing point due tioe
hydrostatic pressure effect, by an amount equé.30 2.2,

h The uncertainty components for the realization bf a
three points of set2 are Reproducibility of the fixed point
measured by the SPRTs, Plpteau interpretation, the more



“probable” value is the one taken at slightly thil rof the
plateau, nearly it is taken at 40% of solid melt&),
Electrical effects, due to the bridge "linearity, symmetry,
short term stability of the standard resistor" Sdf heating,
due to the uncertainty on the ratio between the squared
measuring currents, Hlydrostatic pressure effect, due to

the uncertainty on the relative position of the dfédof the [6]

thermometer sensing element and the metal liquidotiml
phase, 6) Impurities, estimated through the chemical
analysis given in the sample purity certificate,Spyrious
heat flux, due to external heat fluxes came to the celll&ab
(6) shows the expanded uncertainties of set? fipeidts.
The uncertainty budget for setl cells was previpusl
described in [4,5], their expanded uncertaintles?, were
0.50, 0.61, 0.57 mK for In, Sn and Zn respectively.

Table 6. Uncertainty budget of set2 fixed points

Source of uncertainty Uncertainty component (mK)

In Sn Zn
Reproducibility (A) 0.02 0.02 0.02
Plateau interpretation (A) 0.15 0.18 0.22]
Electrical effects including F18
accuracy and standard resistor 0.05 0.05 0.05
variation (B)
Self heating (B) 0.05 0.07 0.07
Hydrostatic pressure effect (B) 0.06 0.04] 0.05
Impurities (B) 0.05 0.10 0.10
Spurious heat flux (B) 0.18 0.20 0.22
Combined uncertainty 0.26 0.30 0.34
Expanded uncertainty (k=2) 0.52 0.61 0.68

4. CONCLUSION

The performance of the fixed-point cells (set23imilar
to that of the setl cells. The differences betwtenset2
cells and reference cells, setl, were well withimR. The
expanded uncertainties of the set2 cells are althessame
as those applicable to the setl cells. Thus, th2 cells
could be then used for most calibration purposes.
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