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INTRODUCTION

The triple point of water is an important thermometric fixed point as defined in the International

Temperature Scale of 1990 (ITS-90). The ITS-90 assigns a value of 273.16 K to the triple point of

water which was exactly equivalent to the thermodynamic temperature in the international System (SI)

of units at the time of the adoption of the ITS-90 (1, 2).2 The triple point of water is the temperature

to which the resistance ratios W(T) = R(T) ⁄R(273.16 K) of the standard platinum resistance

thermometer (SPRT) calibrations are referred to in the ITS-90.

The triple points of various materials (where three distinct phases, for example, their solid, liquid,

and vapor phases, coexist in a state of thermal equilibrium) have fixed pressures and temperatures and

are highly reproducible. Of the ITS-90 fixed points, six are triple points. The water triple point is one

of the most accurately realizable of the defining fixed points of the ITS-90; under the best of

conditions, it can be realized with an expanded uncertainty (k=2) of less than 60.00005 K. In

comparison, it is difficult to prepare and use an ice bath with an expanded uncertainty (k=2) of less

than 60.002 K (3).

1. Scope

1.1 This guide covers the nature of two commercial water

triple-point cells (types A and B, see Fig. 1) and provides a

method for preparing the cell to realize the water triple-point

and calibrate thermometers. The qualifications concerning

preparation and the types of glass used for a cell are discussed.

Tests for assuring the integrity of a qualified cell and of cells

yet to be qualified are given. Precautions for handling the cell

to avoid breakage are also described.

1.2 The effect of hydrostatic pressure on the temperature of

a water triple-point cell is discussed.

1.3 Procedures for adjusting the observed SPRT resistance

readings for the effects of self-heating and hydrostatic pressure

are described in Appendix X1 and Appendix X2.

1.4 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-

priate safety, health, and environmental practices and deter-

mine the applicability of regulatory limitations prior to use.

1.5 This international standard was developed in accor-

dance with internationally recognized principles on standard-

ization established in the Decision on Principles for the

Development of International Standards, Guides and Recom-

mendations issued by the World Trade Organization Technical

Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:3

E344 Terminology Relating to Thermometry and Hydrom-

etry

E1594 Guide for Expression of Temperature

3. Terminology

3.1 Definitions—The definitions given in Terminology E344

apply to terms used in this guide.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 inner melt, n—a thin continuous layer of water be-

tween the thermometer well and the ice mantle of a water

triple-point cell.

3.2.2 reference temperature, n—the temperature of a phase

equilibrium state of a pure substance at a specified pressure, for

example, the assigned temperature of a fixed point.

1 This guide is under the jurisdiction of ASTM Committee E20 on Temperature

Measurement and is the direct responsibility of Subcommittee E20.07 on Funda-

mentals in Thermometry.
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3.2.2.1 Discussion—At an equilibrium state of three phases

of a substance, that is, at the triple point, both the temperature

and pressure are fixed.

4. Significance and Use

4.1 This guide describes a procedure for placing a water

triple-point cell in service and for using it as a reference

temperature in thermometer calibration.

4.2 The reference temperature attained is that of a funda-

mental state of pure water, the equilibrium between coexisting

solid, liquid, and vapor phases.

4.3 The cell is subject to qualification but not to calibration.

The cell may be qualified as capable of representing the

fundamental state (see 4.2) by comparison with a bank of

similar qualified cells of known history, and it may be so

qualified and the qualification documented by its manufacturer.

FIG. 1 Configurations of two commonly used triple point of wa-
ter cells, Type A and Type B, with ice mantle prepared for mea-
surement at the ice/water equilibrium temperature. The cells are
used immersed in an ice bath or water bath controlled close to

0.01 °C (see 5.5)
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4.4 The temperature to be attributed to a qualified water

triple-point cell is exactly 273.16 K on the ITS-90, unless

corrected for isotopic composition (refer to Appendix X3).

4.5 Continued accuracy of a qualified cell depends upon

sustained physical integrity. This may be verified by techniques

described in Section 6.

4.6 The commercially available triple point of water cells

described in this standard are capable of achieving an expanded

uncertainty (k=2) of between 60.1 mK and 60.05 mK,

depending upon the method of preparation. Specified measure-

ment procedures shall be followed to achieve these levels of

uncertainty.

4.7 Commercially-available triple point of water cells of

unknown isotopic composition should be capable of achieving

an expanded uncertainty (k=2) of no greater than 0.25 mK,

depending upon the actual isotopic composition (3). These

types of cells are acceptable for use at this larger value of

uncertainty.

5. Apparatus

5.1 The essential features of type A and type B water

triple-point cells are shown in Fig. 1. A transparent flask is

made from glass tubing that has been cleaned in such a way

that all the surface contaminants have been removed from all

internal surfaces without etching or otherwise damaging the

glass. The cell is made from a type and grade of glass that is

suitable to withstand the stresses associated with normal use

(for example, freezing expansion, thermal cycling, etc.). These

may include any of several grades of borosilicate glass as well

as quartz glass.

5.2 The cell’s internal volume is filled with purified water in

such a way that all displaced and dissolved air or other gas

content has been removed from the cell and the water. The cell

is designed to accommodate any one of various filling and

purification modalities. These include decanting, distillation,

and vacuum degassing via one or more ports in the glass wall

that are permanently sealed once the filling is complete. A

small fraction of the cell’s internal volume is left unfilled to

allow for the vapor-phase water to coexist with the condensed

phases at the free surface. A reentrant well on the axis of the

flask (see “Thermometer Well” in Fig. 1) receives thermom-

eters that equilibrate with the condensed phases at a suitable

immersion depth below the free surface. A small correction is

necessary to account for this immersion depth (see Appendix

X2).

5.3 For the lowest level of uncertainty, the water used as the

reference medium shall be very pure and of known isotopic

composition. Often it is distilled directly into the cell. The

isotopic composition of cells filled with “rain water” is

expected not to vary enough to cause more than 0.05 mK

difference in their triple points. Extreme variations in isotopic

composition, such as between ocean water and water from old

polar ice, can affect the realized temperature by as much as

0.25 mK (4). In cases where the isotopic composition is

unknown, or if the cell has not been qualified by comparison

with a cell of known isotopic composition, the larger value of

uncertainty (60.25 mK) should be assumed.

5.4 For use, a portion of the water is frozen within the cell

to form a mantle of ice that surrounds the well and controls its

temperature.

5.5 The temperature of the triple point of water realized in

a cell is independent of the environment outside the cell;

however, to reduce heat transfer and keep the ice mantle from

melting quickly, it is necessary to minimize heat flow between

the cell and its immediate environment. This may be done by

immersing the cell in an ice bath that maintains the full length

of the outer cell wall at or near the melting point of ice.

Alternatively, commercial automatic maintenance baths, built

specifically for this purpose, are available. In such baths, the

triple point of water equilibrium of the cell, once established,

can be maintained for many months of continual use. To avoid

radiation heat transfer to the cell and to the thermometer, the

outer surface of the maintenance bath is made opaque to

radiation.

6. Assurance of Integrity

6.1 The temperature attained within a water triple-point cell

is an intrinsic property of the solid and liquid phases of water

under its own vapor pressure. If the water triple-point condi-

tions are satisfied, the temperature attained within the cell is

more reproducible than any measurements that can be made of

it.

6.2 The accuracy of realization of the water triple-point

temperature with a qualified cell depends on the physical

integrity of the seal and of the walls of the glass cell and on

their ability to exclude environmental air and contaminants.

6.3 Initial and continued physical integrity is confirmed by

the following procedures:

6.3.1 Test for the Presence of Air:

6.3.1.1 Remove all objects from the thermometer well.

6.3.1.2 The solubility and the pressure of air at 101 325 Pa

lower the ice/water equilibrium temperature 0.01 °C below the

triple-point temperature. Since air is more soluble in water at

lower temperatures, the test for air shall be done at room

temperature. The test is less definitive when performed on a

chilled cell. At room temperature, with the cell initially upright

and the well opening upward, slowly invert the cell. As the axis

of the cell passes through horizontal and as the water within the

cell strikes the end of the cell, a sharp “glassy clink” sound

should be heard. The distinctive sound results from the sudden

collapse of water vapor and the “water hammer” striking the

glass cell. The smaller the amount of air, the sharper the clink

sound; a large amount of air cushions the water-hammer action

and the sound is duller.

6.3.1.3 With a type A cell, continue to tilt the cell to make

a McLeod-gauge type test until the vapor (water saturated air)

bubble is entirely captured in the space provided in the handle.

The vapor bubble should be compressed to a volume no larger

than about 0.03 cm3 (4 mm diameter). It may even vanish as it

is compressed by the weight of the water column. As in the tilt

test, the bubble test is more definitive when the cell is at room

temperature (see 6.3.1.2). Since type B cells do not have a

space to capture the vapor, the amount of air in the cell is

estimated by comparing the sharpness of the clink sound with

that of a type A cell.
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