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Before You Start

Symbols Used
Table 1 lists the International Electrical Symbols. Some or all of these symbols may be used on 
the instrument or in this manual.

Table 1. International Electrical Symbols

Symbol Description Symbol Description

X Electric Shock O Off

: Hot Surface (Burn Hazard) I On

W Read the User’s Manual 
(Important Information) I Fuse

B AC (Alternating Current) M Battery

D AC-DC ; C-TIC Australian EMC Mark

F DC ) Canadian Standards Association

T Double Insulated P CE Complies with European Union 
Directives

. PE Ground CAT II 

CAT II equipment is designed to 
protect against transients from energy-
consuming equipment supplied from 
the fixed installation, such as TVs, PCs, 
portible tools, and other household 
appliances.

Safety Information
Use this instrument only as specified in this manual. Otherwise, the protection provided by the 
instrument may be impaired.
The following definitions apply to the terms “Warning” and “Caution”.
• “Warning” identifies conditions and actions that may pose hazards to the user.
• “Caution” identifies conditions and actions that may damage the instrument being used.

�arning  W

To avoid personal injury, follow these guidelines.
•	 Mercury is corrosive. Consult the metal manufacturer’s MSDS (Material 

Safety Data Sheet).
•	 Contains mercury, dispose properly.
•	 Federal law prohibits carrying this cell in the passenger section of a 

commercial airline. See MSDS in the back of this manual. 
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Caution  W

To avoid possible damage to the instrument, follow these guidelines.
•	 Read the section entitled, Care and Handling Guidelines, before removing the 

gallium melting point cell from the case. Incorrect handling can damage the cell.
•	 The mercury triple point cell must be kept in a vertical position. Placing the cell 

in a horizontal position can damage the cell and void the warranty.

How to Contact Fluke
To contact Fluke, call one of the following telephone numbers:
• Technical Support USA: 1-800-44-FLUKE (1-800-443-5853)
• Calibration/Repair USA: 1-888-99-FLUKE (1-888-993-5853)
• Canada: 1-800-36-FLUKE (1-800-363-5853)
• Europe: +31 402-675-200
• Japan: +81-3-3434-0181
• Singapore: +65-738-5655
• Anywhere in the world: +1-425-446-5500
Or, visit Fluke’s website at www.fluke.com.
To register your product, visit http://register.fluke.com.
To see, print, or download the latest manual supplement, visit
http://us.fluke.com/usen/support/manuals.

Introduction
The International Temperature Scale of 1990 (ITS-90) is based on a series of defining fixed 
points. The triple point of mercury (TPHg) is one of the defining fixed points of the ITS-90. A 
triple point is the phase equilibrium state of solid, liquid, and vapor. The most common triple 
point used in the ITS-90 is the triple point of water. At temperatures below 273.16 K, most of 
the defining fixed points of the ITS-90 are the triple points. The TPHg is assigned the value 
234.3156 K (–38.8344°C) by the ITS-90. Extremely pure mercury (99.999999%) can produce 
both freezing and melting techniques which give the triple point temperatures that agree to within 
± 0.1 mK over most of the usable plateau. Since the triple point of mercury is notably below 
ambient, the melting curve is easier to realize with a longer plateau.
The fixed points are indispensable for the calibration of a standard platinum resistance 
thermometer (SPRT). Different subranges require different sets of fixed points. The ITS-90 
specifies five subranges, in which SPRTs must be calibrated at the TPHg (Table 2).

Table 2. Some Subranges of the ITS-90 and the Fixed Points Required for Calibration

Subrange Fixed Points Required
13.8033 K to 273.16 K TP e-H2, TPNe, TPO2, TPAr, TPHg, and TPH2O
24.5561 K to 273.16 K TP e-H2, TPNe, TPO2, TPAr, TPHg, and TPH2O
54.3584 K to 273.16 K TPO2, TPAr, TPHg, and TPH2O
83.8058 K to 273.16 K TPAr, TPHg, and TPH2O
234.3156 K to 29.7646 K TPHg, TPH2O, and MPGa

For your convenience Fluke has developed a sealed TPHg cell according to BNM-INM design 
and technology, which makes it easier to realize the TPHg. The Fluke sealed TPHg cells will 
assist you immensely in realizing the TPHg in your laboratory.

http://www.fluke.com
http://register.fluke.com
http://us.fluke.com/usen/support/manuals
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Specifications and Environmental Conditions

Specifications
ITS-90 Assigned Temperature  ........................................ 234.3156 K (–38.8344°C) 
Expanded Uncertainty (k=2) ........................................... 0.2 mK 
Purity of Mercury .............................................................99.999999+% (8N+) 
Quantity of Mercury .........................................................2,000 g 
Outer Diameter of the Cell .............................................. 38.1 mm (1.5 in) 
The Length of the Cell .....................................................246.0 mm (9.68 in) 
The Total Length of the Cell with the Reentrant Well ...... 400 mm (15.75 in) 
Inner Diameter of the Reentrant Well .............................. 8.0 mm (0.315 in) 
Total Immersion Depth in Mercury .................................. 210 mm 
Total Length of the Reentrant Well .................................. 381 mm (15 in) 
Case Material ..................................................................304L Stainless Steel

Environmental Conditions
Although the instrument has been designed for optimum durability and trouble-free operation, 
it must be handled with care. The instrument should not be used in an excessively dusty or dirty 
environment.

Description
The Fluke TPHg cell is manufactured according to BNM-INM design and technology (Y. 
Hermier, G. Bonnier, “The Mercury Point Realization: Estimate of Some Uncertainties”, 
TMCSI, vol. 6, p. 287, 1992). During the manufacturing process, every cell is leak tested. 
After the cleaning and filling processes are complete, two small tubes adjacent to the central 
well are crimped and welded providing a sealed cell. A sealed cell is convenient in avoiding 
moisture condensation and contamination. An open cell with a bellow-sealed valve is available 
upon request. Sealed cells are more convenient for most users while open cells might be more 
preferable for some national laboratories. 
304L stainless steel is chosen as the cell case material because it has been proven that it won’t 
contaminate high-purity mercury and it is much stronger than borosilicate glass. Stainless steel 
is preferred over borosilicate glass as the cell case material since mercury-in-borosilicate glass 
cells have been found to super cool about 6°C, while stainless steel cells super cool only 0.1°C to 
0.3°C.

Care of Your Mercury Triple Point Cell
The mercury triple point cell is completely sealed and requires very little maintenance. It is 
suggested that the cell be kept in the vertical position for safety, although putting a cell in the 
horizontal orientation for a short time period will not cause any damage. Extended placement in a 
horizontal position may cause the mercury to come in contact with the welded closures and is not 
recommended.
Condensation on the outside of the cell should be removed before storage of the cell to prevent 
any corrosion.
The vacuum state of the cell produces a hydrostatic hammer as the mercury comes in contact with 
the cell walls. The hammer or “click” provides audible evidence that the cell integrity is in tact.

Realization of the Triple Point of Mercury
The purity of mercury used in the 5900E cell is 99.999999+%. At such high levels of purity both 
freezing and melting techniques yield triple-point values within ± 0.1 mK over most of liquid-
solid range. Therefore, both freezing and melting techniques may be used for the realization of 
the triple point of mercury.
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Since the triple point of mercury is about 60°C below room temperature, the melting technique 
is easier to realize and has a longer plateau. It is suggested that most users realize the triple 
point of mercury using the melting technique. The realization of metal fixed points with the 
lowest uncertainty generally requires two liquid-solid interfaces. In such a situation, the outer 
liquid-solid interface adjacent to the outer wall of the cell advances slowly as the solid continues 
to melt (the melting curve), or as the liquid continues to solidify (the freezing curve). Ideally 
this generates a shell of liquid phase (or solid phase) that continues to be of uniform thickness 
completely surrounding the solid mercury (or liquid mercury), which itself surrounds the inner 
liquid-solid interface that is adjacent to the thermometer well. With SPRTs, the inner liquid-solid 
interface, i.e., the equilibrium whose temperature is measured, must surround and be as close to 
the temperature sensing element as possible. An inner melting technique, which we will discuss 
in detail later, will create a continuous inner liquid-solid interface that is adjacent to the reentrant 
well.
The realization of the melting curve of the mercury triple point is accomplished in a bath with a 
minimum depth of 457 mm (18”), such as Fluke models 7341 and 7381 liquid baths. A serviceable 
plateau can be maintained for 8 hours in the 7341 bath and plateaus longer than 24 hours have 
been realized.
The length of the plateau is dependent upon the number of SPRTs being calibrated and the pre-
cooling of the SPRTs.

Figure 1. Typical Usable Mercury (Hg) Melt Plateau

In order to realize the mercury melting plateau in the 7341 bath, fill the cell reentrant well with 
alcohol and place the cell in the bath. You need to use the 2027-DCBM cell holder. Set the bath 
at -45°C. It will take approximately 2 hours for the cell to freeze. It may be convenient to freeze 
the cell overnight so that work can begin first thing in the morning. Your check standard should be 
placed in the well during the freeze. You may or may not be able to see the supercool depending 
on the thermal conditions. Set the bath to -40°C and maintain at that temperature until stable. 
Since calibration baths are not calibrated, the bath temperature will not be precise. Use the known 
value of the check standard at the mercury triple point to calculate the offset required for the bath 
to hold a temperature 50 m°C (50 mK) higher than the triple point of mercury (-38.8344°C). Use 
the calculated offset to set the bath temperature so that the check standard will read -38.784°C. 
Remove the check standard from the cell and place it in a pre-cool hole. Place a room temperature 
quartz glass rod or closed-ended tube in the reentrant well for 3 minutes to obtain an inner liquid-
solid interface by melting the solid mercury immediately adjacent to the reentrant well surface. 
Remove the quartz-glass rod and replace the check standard. Wait 30 minutes to take the first 
reading. ALWAYS TAKE THE FIRST READING WITH THE CHECK STANDARD.
Proceed to calibrate the SPRTs. Check the condition of the melt after every three SPRT readings.

�Not�
Prt-chilling tach SPRT oN bt calibraotd is txortmtly impNroano oN maximizt oht ltngoh Nf 
oht usablt plaotau.

Typical Usable Mercury (Hg) Melt Plateau
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Correction for the Pressure Difference
The triple point is realized at the vapor/liquid/solid interface. This occurs only at the uppermost 
surface of the mercury. Since mercury is extremely dense, considerable static head pressure is 
present at the bottom of the entrant well or measurement point. Therefore, a correction must be 
applied to the theoretical triple point temperature. ITS-90 gives all of the necessary coefficients 
for the calculation of the correction caused by the pressure difference, which are summarized in 
Table 3.

Table 3. Correction for Pressure Difference

Substance

Assigned 
Value of

Equilibrium 
Temperature

Temperature 
with

Pressure, p

Variation with 
Depth Approximate

T
Kelvin (K)

K1 ; dT/dp
(10-5 mK/Pa)

K2 : dT/dh
(mK/m) d�/dt

Argon (T) 83.8058 25 3.3 0.004342
Mercury (T) 234.3156 5.4 7.1 0.004037
Water (T) 273.16 –7.5 –.73 0.003989
Gallium (M) 302.9146 –2.0 –1.2 0.003952
rin0Indium (F) 429.7485 4.9 3.3 0.003801
Tin (F) 505.078 3.3 2.2 0.003713
Zinc (F) 692.677 4.3 2.7 0.003495
Aluminum (F) 933.473 7.0 1.6 0.003205
Silver (F) 1234.93 6.0 5.4 0.002841
Gold (F) 1337.33 6.1 10 —
Copper (F) 1357.77 3.3 2.6 —
(T) – triple 
point

(M) – melting 
point

(F) – freezing 
point

The correction of temperature caused by the static head pressure can be calculated by using the 
following equation:
Equation 1: Static head pressure Correction
Δt = h × k2(1)

K1 = dT
dp

K2 = dT
dh , 7.1 mK/m for the triple point of mercury

h: the immersion depth of the midpoint of the sensor of a SPRT into the matter used for the fixed 
point The immersion depth of the midpoint of a SPRT sensor in a mercury triple point cell is 
approximately 0.183 m The distance from the inner bottom of the central well to the surface of 
liquid metal is about 0.208 m. If the distance of the midpoint of the sensor from the tip of the 
sheath is 25 mm, the mean immersion depth of the SPRT sensor = 208 mm –25 mm = 183 mm. 
The temperature correction, Δt, can be calculated using Equation 1.
[ Example ] Equation 1 to calculate Δt becomes:
Δt = h × k2
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Substituting values into Equation 1:
Δt = 0.183m × 7.1mK

m
CNnstqutnoly:
Δt =1.299mK = 0.001299K
Hence, the actual temperature of a sensor of a SPRT at the point of total immersion during a 
plateau in the cell is calculated using Equation 2.
Equation 2: Calculation of the Actual Temperature, o1

o1 = t+Δt(2)
Therefore:
o1 = 234.3156K + 0.001299K = 234.316899K
where o is the assigned temperature value for TPHg, i.e. 234.3156K (–38.8344°C).
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Material Safety Data Sheet
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