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Standards and tolerances
All BASF produced thermocouple wire confi rms to the latest version of available and existing 
international standards. For all combinations, the emf-Temperature relationships are in accord 
with the applicable International Electrotechnical Commission (IEC) Standards which incor-
porate all major national institutions. Conformance and interchangeability tolerances of all 
combinations are detailed in their respective bulletin section.

Overview
BASF has supplied science and indus-
try with thermocouple wire for well over 
100 years. During this time, BASF has 
shared in satisfying the needs of the user 
by constant dedication to the technology 
through improvement and innovation. We 
stand ready to continue this tradition and 
welcome your inquiry. Our team of experts 
consist of metallurgists, metrologists, and 
experienced process application engineers. 
We would be pleased to provide whatever 
assistance you may need in making a 
selection, determining solutions to your ap-
plication problems or placing an order.

Nobel metals and their alloys have long 
been recognized as the most reliable 
sensing elements for high temperature 
measurement. Among their outstanding 
properties are:

• High Melting Point

• Reproducible EMF

• Resistance to Corrosion

• Stability of Calibration

• Oxidation Resistant

When coupled with the Iridium Rhodium 
and Tungsten-Rhenium systems tem-
perature measurement and control can 
be achieved upwards of 2300ºC with 
reliability.

To assist users in selecting materials best 
suited for their purpose as much physical, 
chemical and application information as is 
reliably available has been included in this 
bulletin.

Comparative emf vs. temperature relationship of
common thermocouple materials.

Precious metals expertise 
Metals – particularly those in the platinum group – are critical components of many products 
made by BASF such as contact thermocouples. Ensuring that those raw materials are where 
they need to be, when they need to be there, in the form they need to be and at the lowest pos-
sible cost is what BASF’s Materials Services group is all about. Given our unique understand-
ing of market fundamentals, such as current and future supply, technology changes and market 
risks, we help ensure that BASF and our customers have a cost-effective, reliable supply of the 
raw materials they need. 

A fundamental understanding of precious metal and precious metal technologies is also critical. 
The experience of our research and development group in precious metal and precious metal 
technologies is unmatched. From Fibro® platinum to Platinel® thermocouple wire we have led 
the industry with breakthrough innovations. No one knows more about precious metals. We are 
the precious metal experts. 
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Platinel®

A development by BASF that brings togeth-
er the high electrical output of the nickel 
base alloys with the oxidation resistance 
and stability of the precious metals. Often 
used as a direct replacement for “K” - Type 
base metals in process control applications 
where long life, stability, and continuous 
trouble-free performance is required.

High temperature thermocouple wire summary

Recommended temperature range
0 to 1300ºC continuously

0 to 1350ºC intermittently

Environment
Oxidizing ............... Preferred

Neutral ................... Acceptable

Reducing ............... Possible

Vacuum ................. Dependent on application

Tolerance
Premium +/- 3/8% of temperature from 
400ºC to 1300ºC.

Standard +/- _% of temperature from 
400ºC to 1300ºC

Type S: Pt vs. Pt 10 Rh

One of the most popular and widely used 
noble metal thermocouple combinations. 
Known for its high accuracy over a broad 
temperature range, this combination has 
excellent mechanical and chemical proper-
ties, low electrical resistivity, and is readily 
obtainable in uniform quality and in very 
fi ne diameters.

Recommended temperature range
400ºC to 1400ºC continuously

400ºC to 1700ºC intermittently

Environment
Oxidizing ...............Preferred

Neutral ...................Acceptable

Reducing ...............Not recommended

Vacuum .................Dependent on application

Availability
All sizes readily available to .002” diameter 
(0.05 mm) and smaller on special order.

Type R: Pt vs. Pt 13 Rh

Widely used around the world. This combi-
nation is almost identical to Type S except 
for slightly higher thermoelectric output 
which accommodates instruments that 
have been calibrated for this output.

Recommended temperature range
800ºC to 1600ºC continuously

800ºC to 1770ºC intermittently

Environment
Oxidizing ............... Preferred

Neutral ................... Acceptable

Reducing ............... Not recommended

Vacuum ................. Dependent on application

Tolerance
Available to two conformance levels: 
premium grade and standard grade. 

Special tolerances available on request.

Tolerance
Available to two conformance levels: 
premium grade and standard grade. 

Special tolerances available on request.

Availability
All sizes readily available to .002” diameter 
(0.05 mm) and smaller on special order.
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Type B: Pt 6 Rh vs. Pt 30 Rh

This widely used thermocouple is very 
similar to other Pt and Rh combinations. 
It has been demonstrated to perform well 
at the higher application temperatures 
where other combinations may be subject 
to accelerated drift or physical degradation. 
It is unique in that, at reference junction 
temperatures below 100ºC, compensating 
lead wire is generally not necessary, plain 
copper conductors are adequate.

High temperature thermocouple wire summary

Recommended temperature range
400ºC to 1400ºC continuously

400ºC to 1700ºC intermittently

Environment
Oxidizing ............... Preferred

neutral ................... Acceptable

Reducing ............... Not recommended

Vacuum ................. Dependent on application

Pt 20 Rh vs. Pt 40 Rh

A unique combination with strong, but 
limited, applications. An extremely stable 
combination for very high temperature 
use in problematic environments. Its low 
sensitivity (4 microvolts per ºC) requires 
the use of direct emf reading instruments. 
An excellent researcher’s tool for high 
temperature measurement.

Recommended temperature range
1000ºC to 1800ºC continuously

1000ºC to 1850ºC intermittently

Environment
Oxidizing ............... Preferred

Neutral ................... Acceptable

Reducing ............... Not recommended

Vacuum ................. Dependent on application

Iridium vs. Iridium 40 Rhodium

The only thermocouple combination that 
can be used up to 2000ºC in oxidizing 
environments. It is also usable continuously 
in vacuum and neutral atmospheres.

Recommended temperature range
1000ºC to 2000ºC continuously

Environment
Oxidizing ............... Limited

Neutral ................... Preferred

Reducing ............... Possible

Vacuum ................. Possible

Tolerance
Available to two conformance levels: 
premium grade and standard grade. 

Special tolerances available on request.

Availability
All sizes readily available to .002” diameter 
(0.05 mm) and smaller on special order.

Tolerance
Lot calibration provided for use with the 
detailed emf-Temperature tables provided 
within this bulletin.

Tolerance
Lot calibration provided for use with the 
detailed emf-Temperature tables provided 
within this bulletin.
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Fibro® platinum
Fibro platinum is a product of BASF’s extensive research and development efforts. By a 
proprietary process, thermocouple grade platinum is produced with an elongated grain struc-
ture without additives or dispersements, that imparts high temperature strength and increased 
thermocouple stability.

Used as a direct replacement for the platinum leg in either Type S or R thermocouples. Fibro 
platinum increases the strength of the thermo element of the negative leg to almost that of the 
alloy leg. Use of Fibro Pt permits a reduction in conductor size from .020 to .018 while achiev-
ing the same strength.

The grain structure of Fibro platinum also encourages its use as the winding in resistance ther-
mometer elements. RTD sensors made with Fibro demonstrate superior mechanical stability and 
greater reliability at higher temperatures.

Stress to rupture at 1450º C
Note that Fibro platinum wire approaches the load bearing

capabilities of Pt 10 Rh T/C wire (Pt 13 Rh is similar)

Pt-Longitudinal

Pt-Cross Section

Fibro Pt-Longitudinal

Fibro Pt-Cross Section

Photo micrograph of .032 dia. Fibro Pt wire and regular 
Pt wire after being heated to 1400º C for 10 hours. 
Longitudinal and cross section. Note the reduced grain 
growth of Fibro Pt. (100x reduced 50%).
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Type S: Pt vs. Pt 10 Rh thermocouple wire
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Type R: Pt vs. Pt 13 Rh thermocouple wire



24

Type R



25

Type R



26

Type R



27

Type R



28

Type R



29

Type R



30

Type R



31

Type B: Pt 6 Rh vs. Pt 30 Rh thermocouple wire
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Introduction
Tungsten-Rhenium thermocouple 
combinations developed by BASF permit 
thermometric temperature measurement 
far in excess of conventional ISA standard 
letter-designated thermocouples. The 
traditional base metal thermocouple 
materials can be used to measure 
temperature to about 1200ºC while the 
noble metal combinations are usable with 
reliability to about 1700ºC. The refractory 
metal combinations, consisting of tungsten 
and rhenium, are usable to 2800ºC and 
are limited only by the environment in 
which they are used and their insulating 
materials.

Technical overview of Tungsten-Rhenium 
thermoelements
In early attempts, pure tungsten was used as the positive leg versus tungsten-26 rhenium as 
the negative leg. The feasibility of measuring high temperatures was demonstrated with this 
combination. However, the pure tungsten leg proved to be brittle after high temperature use. 
Once annealed at about 1200ºC, the tungsten leg has a brittle to ductile transition temperature of 
around 275ºC. Alloying the tungsten with modest amounts of rhenium only partially aided the 
ductility. At the same time the addition of large amounts of rhenium, while helpful to a certain 
extent, adversely affected the emf of the new combination and, hence, its sensitivity.

Doping – a signifi cant improvement
Subsequently, it was found that the addition of grain stabilizing dopants to the positive or high 
tungsten leg provided the ultimate cure without adversely affecting the thermoelectric proper-
ties. The BASF-supplied W 5 Re and W 3 Re positive leg is doped to enhance the formation of 
elongated grains, which, in turn, provide the necessary mechanical integrity even after exposure 
to high temperatures.

Calibration of thermocouple wire
Tungsten-rhenium thermocouple wire is calibrated, by comparison to NIST master standards, 
in a specially designed inert environment (high purity helium) electrically heated furnace. The 
furnace is capable of achieving 2400ºC and is equipped for thermoelectric comparison tech-
niques or calibration by direct optical pyrometer temperature determination using an isothermal 
black body.

A lot-calibration report is provided for each matched pair of thermocouple wires which provides 
the emf versus temperature relationship at 100ºC to 2300ºC. At additional cost, a computerized 
calibration report can be provided at 10ºC and 1ºC intervals.

Availability
BASF maintains a substantial stock of matched pair thermocouple wire for immediate shipment. 
Wire sizes include .005”, .010”, and .015” and .020” diameters.

Interchangeability
Matched pairs of tungsten-rhenium thermocouple wire comply with the published calibration 
tables to +/- 1% from 400ºC to 2300ºC. Compliance with these tables can only be assured by 
using matched pairs as supplied Indiscriminate use of mixed lot remnants can lead to large 
temperature measurement errors.

39

Type W/Re: Tungsten-Rhenium thermocouple wire



40

Type W/Re



41

Type W/Re



42

Type W/Re



43

Type W/Re



44

Type W/Re



45

Type W/Re



46

Type W/Re



47

Type W/Re



48

Type W/Re



49

Type W/Re



50

Type Ir/Rh: Ir vs. Ir 40 Rh thermocouple wire
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Type Ir/Rh
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Type 20/40: Pt 20 Rh vs. Pt  40 Rh thermocouple wire
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Calibration
The temperature-emf relationship for a specifi c thermocouple is a defi nite physical property and 
therefore does not depend on details of the apparatus or method used to determine this relation-
ship. For this reason, thermocouples can be calibrated by any of several methods, the choice of 
which depends on type of thermocouple, temperature range, accuracy required, size of wires, 
apparatus available and personal preference.

At BASF, platinum-rhodium thermocouples are generally calibrated by comparison to NIST 
calibrated master standards in a specially designed Pt-Rh alloy electrically heated furnace. 
Calibration of the Pt/Rh wires is facilitated by computerized data acquisition which drives the 
furnace and records the emf and temperature automatically. So called primary, or melt point 
determination facilities are available and can be used for most exacting demands with a slight 
improvement of the overall uncertainty value.

Thermal diffusion
Thermal diffusion of rhodium into the platinum leg is often credited with the cause of emf drift 
in precious metal thermocouples. Diffusion at the hot junction is an extremely slow process and, 
for the majority of applications, can be considered as being of no importance. It is only when 
there is a variation in concentration in a region of a temperature gradient that the thermocouple 
will give spurious results due to diffusion and this may, of course, occur in the measurements of 
surface temperature.

Select properties of refractories used with thermocouple wire
Ohms (cir-mil) ft.

Refractory Composition Melt point Recommended use temp Thermal stress resistance

Sapphire 99.9% AI
2
0

3
 2030ºC 1950ºC Very good

Sintered Alumina 99.8% AI
2
0

3
 2030ºC 1850ºC Good

Sintered Beryllia 99.8% Be0 2570ºC 2025ºC Excellent

Sintered Magnesia 99.08% Mg0 2800ºC 1900ºC Fair-Poor

Sintered Mullite 60 AI
2
0

3
 - 36 Si0

2
 1810ºC 1500ºC Good

Sintered Spinel 99.8% Mg•AI
2
0

4
 2135ºC 1000ºC Fair

Sintered Thoria 99.8% Th0
2
 3050ºC 2500ºC Fair-Poor

Stabilized Zirconia 92% Zr0
2
 4Hf0

2
 2550ºC 2200ºC Fair-Good

 + 4Ca0
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Helpful conversion tables
The following conversion tables have proven helpful to the thermal electric metrologist and are 
provided as a guide and an aide in obtaining full benefi t from BASF brand thermocouple wire.

Wire weight tables Weight conversion factors 70
 Weight per ft. of wire 71

Measurement conversion Length 73
 Volume
 Area
 Pressure

Temperature conversion Fahrenheit / Celsius 74 to 76

Weight conversion troy / avoirdupois / metric 76

69
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Americas

46820 Fremont Blvd.
Fremont, CA 94538
USA

Tel.: 510-490-2150
Fax: 510-252-1871

www.catalysts.basf.com

Europe

21 Via Lago dei Tartari
00012 Guidonia, Rome
Italy

Tel.: 39-0774-377-012
Fax: 39-0774-377-015

Asia

7 Temasek Boulevard
#35-01 Suntec Tower One
Singapore 038987 

Tel.: 65-6337-0330
Fax: 65-6334-0330

About us

BASF’s Catalysts division is the world’s leading supplier of environmental and 

process catalysts. The group offers exceptional expertise in the development 

of technologies that protect the air we breathe, produce the fuels that power 

our world and ensure ef�cient production of a wide variety of chemicals, plastics 

and other products, including advanced battery materials. By leveraging our 

industry-leading R&D platforms, passion for innovation and deep knowledge of 

precious and base metals, BASF’s Catalysts division develops unique, 

proprietary solutions that drive customer success.

Platinel and Fibro are trademarks of BASF. 

The data contained in this publication are based on our current knowledge and experience. In view of 
the many factors that may affect processing and application of our product, these data do not relieve 
processors from carrying out their own investigations and tests; neither do these data imply any 
guarantee of certain properties, nor the suitability of the product for a speci�c purpose. Any 
descriptions, drawings, photographs, data, proportions, weights, etc., given herein may change 
without prior information and do not constitute the agreed contractual quality of the product. It is the 
responsibility of the recipient of our products to ensure that any proprietary rights and existing laws 
and legislation are observed. (03/19) BF-8164.

Although all statements and information in this publication are believed to be accurate and reliable, 
they are presented gratis and for guidance only, and risks and liability for results obtained by use of 
the products or application of the suggestions described are assumed by the user. NO WARRANTIES 
OF ANY KIND, EITHER EXPRESS OR IMPLIED, INCLUDING WARRANTIES OF MERCHANTABILITY 
OR FITNESS FOR A PARTICULAR PURPOSE, ARE MADE REGARDING PRODUCTS DESCRIBED 
OR DESIGNS, DATA OR INFORMATION SET FORTH. Statements or suggestions concerning 
possible use of the products are made without representation or warranty that any such use is free of 
patent infringement and are not recommendations to infringe any patent. The user should not assume 
that toxicity data and safety measures are indicated or that other measures may not be required.

©2019 BASF Catalysts LLC




