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1. Scope elements under the same conditions.

1.1 This test method provides comparison of emf stability of 3-2 The relative stability determined by this method is valid
single-element base-metal thermocouple materials in air refeRnly under the specific test conditions and would be affected by
enced to platinum at specified constant elevated temperaturéglanges in the following conditionsl)temperature gradient;

1.2 Since the useful life of a thermocouple depends on thé&2) abundgnce, V6|OCIW_, an_d composition of the air surrounding
stability of the emf generated at given temperatures for 4he test pieces;3j relative inhomogeneity of test thermoele-
required time period, the method includes emf drift measureMents; ) the relative purity of the platinum. .
ments with time. The emf is measured against platinum, which 3.3 This test method in its present form does not include the
may be the platinum leg of the platinum-rhodium/platinum determination of stability following changes in the operating

reference thermocouple used to indicate the temperature at tignperature. _

reference. stability of the platinum reference element. For testing the
1.3 The total life is included as added information, if elative emf stability of base-metal thermoelements, it is
required. suggested that a reference element of 99.96 % platinum, or

greater, is sufficiently stable to determine a relative significant
ﬁOTE 1_S°T?_th?rm°e!§me’?(tjs ?,"ay slhovt\;]insignificant imlf drift "]“’htiLe change in emf of base-metal thermoelements.
undergoing refatively rapid oxidation. In fhese cases, fature of € 3 5yt there is concern that a change in the platinum
thermoelement may be indicated only by open circuit. f | h d duri hi h
Note 2—See ASTM STP470B for recommended upper temperaturd €T€r€NCe element may have occurred during this test, the
limits in air2 procedure described in the appendix may be used to determine

1.4 This standard does not purport to address all of theSUCh a change.

safety concerns, is any, associated with its use. It is th@. Terminology
responsibility of the user of this standard to establish appro- 4.1 Definitions—The definitions aiven in Terminolo
priate safety and health practices and determine the applicar 9 9y

bility of regulatory limitations prior to use E 344 shall apply to this test method.
y 9 y P : 4.2 Definitions of Terms Specific to This Standard:

2. Referenced Documents 4.2.1 emf stability—the change in emf output expressed in
21 ASTM Standards: millivolts (or in equivalent degrees), over a period of time.

E 230 Specification and Temperature Electromotive ForC(Ian Atlhzelztetgttatigfr?n_otqurrt:gﬁ required for open circuit to occur
(EMF) Tables for Standardized Thermocouples '
E 344 Terminology Relating to Thermometry and Hydrom-5. Test Specimen

etry’ 5.1 The test specimen shall be at least 0.8 m (30 in.) long
3. Significance and Use and free of kinks or other defects due to mechanical working.

3.1 This test is useful in comparing various alloy thermo-g. Reference Junction

6.1 The reference junction ends of the test specimens,

1 This test method is under the jurisdiction of ASTM Committee E-20 on p|atinum reference element, if used, and of the p|atinum_
Temperature Measurement and is the direct responsibility of Subcommittee EZO'%odium/platinum reference thermocouple must be maintained
on Thermocouples. . . .
Current edition approved Nov. 27, 1981. Published January 1982. Originallyat a known constant temperature durmg the pe”OdS of takmg

published as E 601-77. Discontinued February 1996 and reinstated a@mf readings. Ice point reference junction baths provide a

EGZO:‘_?lbﬁlgfw)' ASTM Headauarters. 100 Barr Harbor Drive. WWest Conano. /EIAUVENY simple and reliable means for maintaining the

\vallable from eaaquarters, arr narpor bDrive, es onsno- . - o ° .

hocken, PA 19428. refere_nce junction at 0°C (32°F) when proper precautions are
3 Annual Book of ASTM Standardgol 14.03. exercised in their use.
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7. Measuring Junction basis of an exact specified temperature.

7.1 The measuring junction shall consist of a union of the 10.6 If the nominal method is used, compute the true
test specimens and platinum reference. The platinum referené@mperature Ty from the measured emf of the platinum-
may be the platinum leg of the platinum-rhodium/ rhodium/platinum reference thermocouple, applying only cali-

platinum temperature reference thermocouple. bration corrections. Determine the emf expectEg for the
test combination at that temperatufg)(from the single-leg

8. Test Temperature Medium tables in Tables E 230. Using these values, calculate the
8.1 The test shall be conducted in a uniformly heatedpercentage of error by the equation:

furnace providing an isothermal work zone sufficiently large to E, -E,

maintain all junctions at the same temperature. The zone shall % error= mE % 100 1)

be probed to determine if it meets this requirement. The

temperature of the furnace shall be controlled to withif0°C where:

(=18°F) of the test temperature. E. = measured emf, and
i i E, = table emf for the true temperatures of test.
9. Electromotive Force Indicator 10.7 If the exact method is used, proceed as follows: since

9.1 An instrument that has limits of error of not more thanthe test temperature may depart 10°C (= 18°F) from the
1 uV at 1000 pV and 12 pV at 50 000 pV shall be used as thspecified test temperature, the measured temperature and emf
means for determining emf in this test. at the time of reading must be corrected to the specified test
10. Procedures temperature using the thermoelectric power of the test thermo-
' ] . ) element versus Pt 67. For standard thermoelements, the ther-
10.1 The union shall be prepared by welding, using anopelectric power ¢,) may be obtained from the thermoele-
procedure proven by experience or by testing to reliablyment temperature—emf tables in Specification E 230. Using
produce mechanically and thermoelectrically stable junctionsgese or other established tables, the emf deviation from the
The number of test specimens joined to the platinum referencgmf at the specified test temperature can be determined and
may be as many as the volume of the testing medium permitgsed as the correction. For thermoelements not covered by
provided that their thermal conduction does not impair isotherthese or other established tables, the thermoelectric poOwer,
mal conditions. _ . may be determined by taking emf readings 10°C (18°F) below
10.2 Weld a platinum-rhodium/platinum reference thermo-ang at the test temperature, dividing the emf difference by the
couple to the test specimen to form a sound junction assemblyamperature difference. Given the thermoelectric power, the
An additional platinum wire may be welded to this junction if emf of a thermoelement versus platihum may be corrected

two measuring instruments are used for the simultaneougom the actual test temperature to the specified test tempera-
reading of temperature (platinum-rhodium/ platinum thermo+yre by the use of the following equation:

couple) and specimen emf versus additional platinum leg.
Insulate the specimens from each other, except at the junction,
and insulate the platinum-rhodium/ platinum thermocouple andyhere:
the additional platinum leg, if used, from the test specimensT
with loosely fitting ceramic insulators. T

Er = Er’ + a (T-T) @

specified test temperature,
actual test temperature,
thermoelectric power of the thermoelement versus

Note 3—Insulators used on platinum-rhodium/platinum wires shall be e —
99.5 % (minimum) aluminum oxide (AD;). Insulators on base-metal Pt 67= (AE/AT), .
wires can be mullite or equal, except that the insulator nearest the junctioer = €mf versus Pt 67 corrected to specified test tempera-
should be AJO. ture, T, and

10.3 Insert the measuring junction end of the assembly intoET = emf versus Pt 67 at actual test temperatire,

the furnace after the test temperature has been established, %(S%ézr?gge;gisiﬁtmzttgats aeE):ic;iselgvtee;yr)e(erafu'[rze(r)rm‘niglcfor?gnt'rﬁe
that the junction is near the center of the uniform temperaturé y P P i

zone. Avoid distortion of the wire in a zone of temperatureemf reading is 32.647 mV corresponding to a measured

gradient. Copper extension wires shall connect the em temperature (platinum-rhodium/ platinum thermocouple) of

measuring instrument and reference junctions. Take care t%OOS C. The emf of the thermoelement versus Pt 67 is

ensure that the thermocouple assemblies do not move withﬁorremefj to 1000°C using Eq 2.
DY ) where:
the furnace with time in such a manner as to change the

gradient along the wires. L e
10.4 Make the initial emf readings as soon as the system has
reached steady-state thermal conditions, especially if recording Where:
of early drift is desired. Measure and record the test tempera- (E 1010— E 1000
ture as indicated by the emf of the platinum-rhodium/platinum % =7 10C ®)
reference thermocouple. Measure and record the emf between = 0.0308 mV/°C
the platinum reference leg and each of the test specimens Wh”ethen'
maintaining the test temperature. '
10.5 Thermoelectric instability may be reported on the basis E; = 32.647+ 0.0308(1000— 1005
of the nominal test temperature 10°C (= 18°F) or on the = 32.493 mV
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10.8 There is an alternative method for correcting the emf _ E(1005 — E(995
reading at the actual test temperature to the specified test - 10°C
temperature if similar materials are being tested. This method 41.463— 41.074
eliminates the need to maintain the test temperature constant =— 10  mvC
during a series of tests and provides sufficient accuracy — 0.0389 MV/°C

provided the temperature fluctuation is within10°C (18°F). o ) )
10.8.1 The temperature as indicated by the platinum- The temperature drift in degrees Celsius of the positiR)e (
rhodium/platinum reference thermocouple is measured, and tfBermoelement is:

emf of one test specimen is measured against the reference 32.609— 32.523
. \ . AT, =—————

platinum. The emf’s of the subsequent test specimens are then o

measured against the first test specimen. The emf reading of 0.086

each of the other specimens may now be corrected to the =0039 = T22C

specified test temperature by applying the emf difference . . R
between each test specimen and the first specimen to the” N€gative Type K thermoelement being tested at 1000°C

corrected emf of the first specimen. Observe the sign of thd@S an initial emf reading vs. Pt67 of —8.745 mV and after 500
difference when making these corrections. a reading of —8.768 mV. The drift in degrees Celsius which

10.9 After the initial readings are made, repeat them after 41iS negative i) thermoelement contributes to tr_‘e Type K
h, then every 24 h for 4 weeks, and then twice weekly until thén€rmocouple is determined from Eq 4 as follows:
test is completed. AT = —8.768— (—8.745

. = —S.fe9” (7.1

11. Report —0.023
11.1 Report the results in terms of emf or percentage of emf ~ 0039 - 06T
ag_am_stotlme, or, if the noomlnal method of 10.5 is used, % \yhen the drifts of the positive and negative thermoelements
drift = % error at time — % error initial. _of a thermocouple have been determined, the stability of the
11.2 The emf change can be converted to an equivalenformacouple can be determined from the algebraic difference

change in temperature for the thermocouple with which thg e yeen the drifts of the individual thermoelements, as fol-
thermoelement is to be associated by dividing the change ips:

emf by the thermoelectric power (emf per degree at the given
temperature) for the intended thermocouple.

o G)

AT, = ATp — ATy @)

=22C - (-0.6C) = 2.8C
Note 4—The temperature stability of each thermocouple is determined ( )

on the basis of the drift of each of its thermoelements. Therefore, it is theyyhere:
thermoelectric power of the thermocouple that should be used in this caseA-rC temperature drift of the thermocouple,
E —E, E; —E AT, temperature drift of the positive thermoelement
o (AE) @ as it affects the associated thermocouple, and
AT ATy temperature drift of the negative thermoelement
as it affects the associated thermocouple.

In order to achieve the ultimate service of the tested
thermoelements, tests for homogeneity should also be made.
JPevelopment work on a standard test for homogeneity is in

AT =

AT = temperature drift of thermoelement as it affects the
associated thermocouple,

Er = emf versus Pt 67 of the thermoelement after elapse .
T time. T P progress under Subcommittee E20.04.
E, = initial emf versus Pt 67 of the thermoelement, and o .
a. = thermoelectric power of the associated thermocouple12. Precision and Bias
at the specified test temperature. 12.1 No precision and bias statement is given for this test

Example:A positive Type K thermoelement being tested atprocedure because it is designed to give values only for
1000°C has an initial emf reading versus Pt 67 of 32.523 mVparticular samples run under the same conditions. The many

After 500 h, the reading has changed to 32.609 mV. variables (listed in Section 3) will give rise to different results
AE within a laboratory and between laboratories. This is not a test
(1000 = x7 ®)  where the same samples can be retested.
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APPENDIX
(Nonmandatory Information)

X1. DETERMINATION OF CHANGE IN PLATINUM REFERENCE DURING TESTING

X1.1 At the conclusion of the stability test, the platinum pattern will exist along the original thermocouple legs. After
reference, if used, and the platinum-rhodium/platinum thermotemperature stability has been obtained, measure the emf
couple may be checked for stability as follows: deviation between the new and the original thermocouples.

X1.1.1 Remove the entire test assembly from the furnaceAssuming that the platinum reference, if used, is from the same
Weld an unused platinum-rhodium/platinum thermocoupldot as the thermocouple platinum, measure its deviation from
made from adjacent lengths of the same lots of thermocouplde new platinum. This deviation, in millivolts, shall be used as
wires as was assembled for the original thermocouple to the heat correction of the last reading for any of the tested thermo-
junction bead of the test assembly. Place the test assembly @lements. It is important to maintain the same conditions
the furnace of the test temperature so that the original thermahroughout this checking procedure as prevailed for the stabil-
couple will be located in the same position as it was during thety test.
test. This should ensure that the same temperature gradient

The American Society for Testing and Materials 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 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, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



