
Designation: E 988 – 96 (Reapproved 2002)

Standard Temperature-Electromotive Force (EMF) Tables for
Tungsten-Rhenium Thermocouples 1

This standard is issued under the fixed designation E 988; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This standard consists of reference tables that give
temperature-electromotive force (emf) relationships for 97 %
Tungsten 3 % Rhenium versus 75 % Tungsten 25 % Rhenium
and 95 % Tungsten 5 % Rhenium versus 74 % Tungsten 26 %
Rhenium thermocouples. These are the refractory metal ther-
mocouple types most commonly used in industry.

1.2 Also included is a list (Table 1) of initial calibration
tolerances for the thermocouple types referred to in 1.1, and
their respective compensating extension wires (Table 2).

1.3 These data are intended for industrial and laboratory
use.

2. Referenced Documents

2.1 ASTM Standards:
E 380 Practice for Use of the International System of Units

(SI) (the Modernized Metric System)2

3. Source of Data

3.1 The data in these tables are based upon the SI volt (see
Practice E 380) and the International Temperature Scale of
1990.

3.2 All temperature-electromotive force data in Tables 3-6
have been developed from wire manufacturers’ data.

3.3 These tables give emf values to three decimal places (1
µV) for each degree of temperature. Such tables are satisfac-
tory for most industrial uses but may not be adequate for
computer and similar applications. If greater precision is

required, the reader should refer to the equations in Table 7
which permit further generation of the temperature-emf rela-
tionships. In addition, Tables 8 and 9 present polynomial
approximations giving temperature as a function of the ther-
mocouple EMF.

4. Identification of Thermocouple Types

4.1 Letter symbols have not been assigned. Identification is
made by composition.

4.2 W3Re/W25Re—97 % Tungsten 3 % Rhenium ( + ) ver-
sus 75 % Tungsten 25 % Rhenium (−).

4.3 W5Re/W26Re—95 % Tungsten 5 % Rhenium ( + ) ver-
sus 74 % Tungsten 26 % Rhenium (−).

5. Initial Calibration Tolerances

5.1 Thermocouples and matched thermocouple wire are
supplied to the initial calibration tolerances listed in Table 1.

6. List of Tables

6.1 Following is a list of tables included in this standard:
Table

Number
Title

1 Initial Calibration Tolerances and Suggested Temperature
Ranges for Thermocouples

2 Initial Calibration Tolerances and Suggested Temperature
Ranges for Thermocouple Compensating Extension Wires

3 Temperature versus EMF for W3Re/W25Re from 0 to 2315°C
4 Temperature versus EMF for W3Re/W25Re from 32 to 4200°F
5 Temperature versus EMF for W5Re/W26Re from 0 to 2315°C
6 Temperature versus EMF for W5Re/W26Re from 32 to 4200°F
7 Equations Used to Derive Tables 3-6
8 Polynomial Coefficients for the Computation of Temperatures in

°C as a Function of the Thermocouple EMF
9 Polynomial Coefficients for the Computation of Temperatures in

°F as a Function of the Thermocouple EMF

7. Keywords

7.1 emf; rhenium; thermocouple; tungsten

1 These tables are under the jurisdiction of ASTM Committee E20 on Tempera-
ture Measurement and are the direct responsibility of Subcommittee E20.04 on
Thermocouples.

Current edition approved Sept. 10, 1996. Published October 1996. Originally
published as E 988 – 84. Last previous edition E 988 – 90.

2 Annual Book of ASTM Standards, Vol 14.02.
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TABLE 1 Initial Calibration Tolerances and Suggested
Temperature Ranges for Thermocouples A

NOTE 1—Initial calibration tolerances in this table apply to new
thermocouple wire, normally in the size range 0.125 to 0.5 mm in
diameter (No. 36 to 24 Awg) and used at temperatures not exceeding the
suggested upper temperatures of Table 1. If used at higher temperatures
these initial calibration tolerances may not apply.

NOTE 2—Initial calibration tolerances apply to new wire as delivered to
the user and do not allow for calibration drift during use. The magnitude
of such changes depends on such factors as wire size, temperature, time of
exposure, and environment.

NOTE 3—Where initial calibration tolerances are given in percent, the
percentage applies to the temperature being measured when expressed in
degrees Fahrenheit. To determine the tolerance in degrees Celsius multiply
the tolerance in degrees Fahrenheit by 5/9.

NOTE 4—Tables 1 and 2 also describe suggested upper temperature
limits for the thermocouples and extension wires. These limits apply to
protected thermocouples, that is, thermocouples in inert or non-oxidizing
atmospheres.

Thermocouple
Type

Temperature
Range

Initial Calibration
Tolerances

W3%Re/W25%Re 0 to 426°C 64.4°C
and 32 to 800°F 68°F

W5%Re/W26%Re 426 to 2315°C
800 to 4200°F%

61 % of actual
temperature

A CAUTION—Users should be aware that certain characteristics of thermocouple
materials including calibration may change in time with use; consequently, test
results obtained at time of manufacture may not necessarily apply throughout an
extended period of use.

TABLE 2 Initial Calibration Tolerances and Suggested
Temperature Ranges for Thermocouple Compensating Extension

Wires

Designation
Temperature

Range
Initial Calibration

Tolerances

For
W3%Re/W25%Re

300P( + ) 97.7Ni BAL Cr,Al,SiA

300N(−) 96Ni, 4WA
0 to 330°C

32 to 625°F%
60.125 mV

203( + ) 90Ni, 10CrB

225(−) 98Ni, 2CrB
0 to 260°C

32 to 500°F%
60.110 mV

For
W5%Re/W26%Re

405( + ) 94.5NiB
0 to 871°C

32 to 1600°F%
60.110 mV

2 Mn
1 Si
1.5 AL

426(−) 80 Ni, 20 CuB

A U.S. Patent 3,502,510 assigned to Engelhard Industries.
B Designation of Hoskins Mfg.
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TABLE 3 Tungsten-3 % Rhenium versus Tungsten-25 % Rhenium Thermocouples—
Thermoelectric Voltage as a Function of Temperature (°C)

EMF in Millivolts Reference Junctions at 0°C
DEG C 0 1 2 3 4 5 6 7 8 9 10 DEG C

Thermoelectric Voltage in Millivolts

E 988
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TABLE 3 (continued)

EMF in Millivolts Reference Junctions at 0°C
DEG C 0 1 2 3 4 5 6 7 8 9 10 DEG C

Thermoelectric Voltage in Millivolts
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TABLE 3 (continued)

EMF in Millivolts Reference Junctions at 0°C
DEG C 0 1 2 3 4 5 6 7 8 9 10 DEG C

Thermoelectric Voltage in Millivolts
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TABLE 3 (continued)

EMF in Millivolts Reference Junctions at 0°C
DEG C 0 1 2 3 4 5 6 7 8 9 10 DEG C

Thermoelectric Voltage in Millivolts
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TABLE 3 (continued)

EMF in Millivolts Reference Junctions at 0°C
DEG C 0 1 2 3 4 5 6 7 8 9 10 DEG C

Thermoelectric Voltage in Millivolts
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TABLE 4 Tungsten-3 % Rhenium versus Tungsten-25 % Rhenium Thermocouples—
Thermoelectric Voltage as a Function of Temperature (°F)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 4 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 4 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts

E 988

10



TABLE 4 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 4 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 4 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 4 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 4 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 4 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 5 Tungsten-5 % Rhenium versus Tungsten-26 % Rhenium Thermocouples—
Thermoelectric Voltage as a Function of Temperature (°C)

EMF in Millivolts Reference Junctions at 0°C
DEG C 0 1 2 3 4 5 6 7 8 9 10 DEG C

Thermoelectric Voltage in Millivolts
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TABLE 5 (continued)

EMF in Millivolts Reference Junctions at 0°C
DEG C 0 1 2 3 4 5 6 7 8 9 10 DEG C

Thermoelectric Voltage in Millivolts
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TABLE 5 (continued)

EMF in Millivolts Reference Junctions at 0°C
DEG C 0 1 2 3 4 5 6 7 8 9 10 DEG C

Thermoelectric Voltage in Millivolts
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TABLE 5 (continued)

EMF in Millivolts Reference Junctions at 0°C
DEG C 0 1 2 3 4 5 6 7 8 9 10 DEG C

Thermoelectric Voltage in Millivolts
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TABLE 5 (continued)

EMF in Millivolts Reference Junctions at 0°C
DEG C 0 1 2 3 4 5 6 7 8 9 10 DEG C

Thermoelectric Voltage in Millivolts
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TABLE 6 Tungsten-5 % Rhenium versus Tungsten-26 % Rhenium Thermocouples—
Thermoelectric Voltage as a Function of Temperature (°F)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 6 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 6 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 6 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 6 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 6 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 6 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 6 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts
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TABLE 6 (continued)

EMF in Millivolts Reference Junctions at 32°F
DEG F 0 1 2 3 4 5 6 7 8 9 10 DEG F

Thermoelectric Voltage in Millivolts

TABLE 7 Equations Used to Derive Tables 3 Through Table 6

NOTE 1—The equations are of the formE = c0 + c1 t + c2 t 2 + ... cn t n , where E is in millivolts.

Coefficients used to derive the W3Re/W25Re Tables

Table 3
t = 0°C to 2315°C

Table 4
t = 32°F to 4200°F

0°C to 783°C 783°C to 2315°C 32°F to 1441.4°F 1441.4°F to 4200°F

c0 = 0.0000000 2.2097354 c0 =−1.6410905 3 10−1 2.2493152
c1 = 9.5921929 3 10−3 −1.4500612 3 10−3 c1 = 4.9254784 3 10−3 −1.6758192 3 10−3

c2 = 2.0068371 3 10−5 4.2898234 3 10−5 c2 = 6.4133613 3 10−6 1.3959259 3 10−5

c3 =−1.3786121 3 10−8 −4.2816409 3 10−8 c3 =−2.1997460 3 10−9 −7.6403573 3 10−9

c4 =−1.1620542 3 10−11 2.4132609 3 10−11 c4 =−1.4640936 3 10−12 2.3689257 3 10−12

c5 = 3.9875300 3 10−14 −8.1885541 3 10−15 c5 = 2.3557120 3 10−15 −4.4236666 3 10−16

c6 =−4.2429757 3 10−17 1.5873209 3 10−18 c6 =−1.3090313 3 10−18 4.7193107 3 10−20

c7 = 1.6821225 3 10−20 −1.4320975 3 10−22 c7 = 2.7475784 3 10−22 −2.3391876 3 10−24

Coefficients used to derive the W5Re/W26Re Tables

Table 5
t = 0°C to 2315°C

Table 6
t = 32°F to 4200°F

0°C to 630.615°C 630.615°C to 2315°C 32°F to 1167.107°F 1167.107°F to 4200°F

c0 = 0.0000000 4.0528823 3 10−1 c0 =−2.3451627 3 10−1 2.0571584 3 10−1

c1 = 1.3406032 3 10−2 1.1509355 3 10−2 c1 = 7.2081037 3 10−3 6.0767487 3 10−3

c2 = 1.1924992 3 10−5 1.5696453 3 10−5 c2 = 3.8087171 3 10−6 5.0732476 3 10−6

c3 =−7.9806354 3 10−9 −1.3704412 3 10−8 c3 =−1.2992086 3 10−9 −2.4141244 3 10−9

c4 =−5.0787515 3 10−12 5.2290873 3 10−12 c4 =−5.9884619 3 10−13 5.0593976 3 10−13

c5 = 1.3164197 3 10−14 −9.2082758 3 10−16 c5 = 7.4138472 3 10−16 −4.8987585 3 10−17

c6 =−7.9197332 3 10−18 4.5245112 3 10−20 c6 =−2.3284961 3 10−19 1.3302603 3 10−21
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TABLE 8 Polynomial Coefficients for the Computation of
Temperatures in °C as a Function of the Thermocouple EMF

NOTE 1—The coefficients given are for an expression of the form:
t = a0 + a1 E + a2 E 2 + a3 E 3 ... + an E n , whereE is the thermocouple
EMF in mV, t is the temperature in °C, and a0, a1, a3, etc. are the
coefficients. These expressions give approximate values of the tempera-
ture that agree with the values given in Table 3 and Table 5 within6 0.5°C
over the range 0°C to 2315°C.

Thermocouple Type Coefficient

W-3 % Re/W-25 % Re a0 = 0.00000000
a1 = 1.01387193 3 102

a2 = −1.51768468 3 101

a3 = 3.13787524
a4 = −4.46716692 3 10−1

a5 = 4.27451436 3 10−2

a6 = −2.74975900 3 10−3

a7 = 1.18845993 3 10−4

a8 = −3.39703227 3 10−6

a9 = 6.15028058 3 10−8

a10 = −6.38332695 3 10−10

a11 = 2.89238418 3 10−12

W-5 % Re/W-26 % Re a0 = 0.00000000
a1 = 7.41247326 3 101

a2 = −4.28082813
a3 = 5.21138920 3 10−1

a4 = −4.57487201 3 10−2

a5 = 2.80578284 3 10−3

a6 = −1.13145137 3 10−4

a7 = 2.85489684 3 10−6

a8 = −4.07643828 3 10−8

a9 = 2.51358071 3 10−10

TABLE 9 Polynomial Coefficients for the Computation of
Temperatures in °F as a Function of the Thermocouple EMF

NOTE 1—The coefficients given are for an expression of the form:
t = a0 + a1 E + a2 E 2 + a3 E 3 ... + an E n , whereE is the thermocouple
EMF in mV, t is the temperature in °F, and a0, a1, a3, etc. are the
coefficients. These expressions give approximate values of the tempera-
ture that agree with the values given in Table 4 and Table 6 within6 0.9°F
over the range 32°F to 4200°F.

Thermocouple Type Coefficient

W-3 % Re/W-25 % Re a0 = 3.20000000 3 101

a1 = 1.82496948 3 102

a2 = −2.73183242 3 101

a3 = 5.64817542
a4 = −8.04090046 3 10−1

a5 = 7.69412584 3 10−2

a6 = −4.94956620 3 10−3

a7 = 2.13922788 3 10−4

a8 = −6.11465808 3 10−6

a9 = 1.10705050 3 10−7

a10 = −1.14899885 3 10−9

a11 = 5.20629153 3 10−12

W-5 % Re/W-26 % Re a0 = 3.20000000 3 101

a1 = 1.33424519 3 102

a2 = −7.70549064
a3 = 9.38050055 3 10−1

a4 = −8.23476962 3 10−2

a5 = 5.05040912 3 10−3

a6 = −2.03661246 3 10−4

a7 = 5.13881431 3 10−6

a8 = −7.33758890 3 10−8

a9 = 4.52444528 3 10−10
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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