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The thermobalances available commercially have a wide range of heater-sample-
temperature sensor relationships. Because of the differences, relating data from one
apparatus to another has been imprecise. The International Confederation for Thermal
Analysis has certified a set of magnetic reference materials for thermogravimetry.
Analysis of the test data from eighteen instruments shows that, whereas data from
several models of a single instrument show spans of measured temperatures from
3—15°, the spans for all instruments were 17—39°. The differences are systematic, not
only between balance types but also for the same model of instrument in different
laboratories. The use of these certified reference materials enables correlation between
instruments.

The commercially available thermobalances have a wide range of design.
Sample capacities range from <1 g to ca. 150 gand fullscale weight changes range
from 0.01 g to 100 g. It is inevitable that different approaches are taken for measure-
ment of the sample temperature.

A thermobalance with a low sample capacity requires an isolated temperature
sensor — a thermocouple, resistance thermometer, or other transducer — located
in the vicinity of the sample holder but not in mechanical contact with it. On the
other hand, a large capacity thermobalance enables connection of thermocouple
leads from the stationary to the “moving” system. In this case the weight change
range may be limited at the lower end by the reproducibility of any restraint from
the connection. If the balance is held near a null position by weight adjustment
or a restoring force, the effect of the connection can become negligible. Further,
many thermobalances are operated very frequently in vacuum; in this case the
heat transfer is by radiation so the relation of the temperature of the sample to
that of the sensor is different from that observed in air or a controlled atmosphere.
The convective/conductive transfer of heat is the major process at low and mode-
rate temperatures. The relative transfer by convection/conduction as compared
to radiation depends not only upon the temperature but also upon the materials
— especially surfaces — in the space between the heater and sample holder or
temperature sensor so a suitable quantitative discussion is not appropriate in
this report.

* Presented at the 6th ICTA Conference Bayreuth, G. F. R., 1980.

J. Thermal Anal. 2C, 1981



186 GARN et al.: REFERENCE MATERIALS FOR THERMOGRAVIMETRY

The facts that

(1) substantial differences in measured temperature response can arise even
for a given thermobalance, and

(2) differences in measured temperatures also arise from variations in measuring
positions in different thermobalances
lead directly to the need for temperature standards by which the data from
different experiments or different laboratories can be related or compared with
confidence.

The materials described herein have been certified by the International Con-
federation for Thermal Analysis as temperature standards for thermogravimetry.
This paper describes the testing done by the ICTA Committee on Standardization
and the data treatment and interpretation. The materials are four alloys and
one metal that are magnetically permeable. In conjunction with a magnetic field,
they show easily detected changes in apparent weight at the temperatures at which
thermally induced disorder or change in structure eliminate or drastically reduce
their magnetic properties.

Each of these reference materials undergoes a measurable change in magnetic
properties at a reproducible temperature. This change requires no discrete enthalpy
increment and therefore does not disturb the temperature relationship between
the sample holder and temperature sensor. Consequently, each provides a clear
indication on the weight change record when the specimen reaches the temperature
of this change, the temperature being indicated by the sensor can be noted and
a measure of the systematic error found. ,

The test program

The problem of temperature calibration of thermobalances was a part of the
agenda of the ICTA Committee on Standardization from its first meeting in 1966.
Attempts were made by some of the Committee to find materials whose decompo-
sition provided adequate reproducibility. When it became apparent that the
magnetic method" met the needs far better than any other, the Committee under-
took the evaluation of candidate materials. Nickel, iron and their alloys were
tested and the results evaluated taking into consideration not only the quality
of the measurements but also, so long as the measurements were suitable, the
availability and ease of production of samples in an easily used form. Several
other materials may be suitable but have not yet been tested by laboratories
using a sufficiently varied array of instruments.

After the initial trials by some of the Committee, a test program was under-
taken. Examination of the data and comments from this test program led to a
decision to make some changes in the protocol and undertake a new program,
designated as the Sixth International Test Program.

The several members of the Committee selected and contacted persons that
were active in thermogravimetry and had a concern for data interpretation. The
test protocol was revised to clarify procedures. A member of the Committee,
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H.-G. Wiedemann, was delegated the task of finding a source of materials that
could be tested before purchasing. A quantity of each of the selected materials
was prepared and sent to the participants with the test protocol. The report on
first sets of returns were reviewed by the Committee; then after consideration of
the larger set of data, the Committee decided to recommend to the ICTA Council
that the materials be certified. The catalog number for the set is GM 761.

The preparation of the certificate was assigned to these authors. Upon approval
by the ICTA Executive Committee, the certificate was printed and the materials
and certificate forwarded to the United States National Bureau of Standards for
distribution.

The Sixth International Test Program comprised. the circulation of five small
discs each of four alloys and nickel to about 40 invited participants and process-
ing/evaluating the data received from 18. The homogeneity (in magnetic behavior)
of the ribbon from which the discs were cut was verified.

The materials for these Certified Reference Materials were purchased from the
Vacuumschmelze GMBH, Hanau, Federal Republic of Germany. They are,
in ascending order of their magnetic transitions,

Permanorm 3
Nickel
Mumetal
Permanorm 5
Trafoperm

Typically, the magnetic transition temperature is highly susceptible to variations
in composition such as might take place from batch to batch; nickel is well
known to be highly susceptible. The Committee emphasizes that these materials
are not being certified ; only these batches of materials are certified.

The protocol for the Sixth I1TP is given below with the reasons for each of the
steps. The precaution of specifying the procedure in detail is essential because of
the variations in practice from laboratory to laboratory. On the other hand,
latitude was allowed in as many respects as possible to enable the participant to
perform this service without substantial change from his ordinary measurements.

1. The operating conditions of each instrument should be those normally employed
for thermogravimetric measurements. The tests of these calibration materials
should be realistic.

2. The accuracy of the temperature sensor should be known. The Committee
prefers use of recognized temperature standards. Thermocouple responses should
be checked occasionally.

3. All temperature data Ty, Ty, T3, defined in the accompanying figure, should
be reported to the nearest 1°C. These defined points were easily measured in the
preliminary test program. Greater reporting accuracy is not justified by the data
or their repeatability.

4. Each material should be examined at heating rates of 1—2°C min  and
5—6°C min-1. In many thermoanalytical techniques the measured parameters
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are influenced by heating rate. Even though this may be solely an instrumenta
effect as compared to sample related, it is necessary to determine the magnitude
of any influence.

5. A time-temperature curve from the temperature sensor should be included.
Apparatus with DTG should also include the DTG curve. This was a routine check
for unusual behavior.

6. All runs should be done in oxygen-free nitrogen, dried over Mg(CIO,), or its
equivalent. This was precautionary, to eliminate any differences in treatment which
might obscure differences between balances.

7. Results should be reported according to the recommendations for good practice
defined by the Committee (Anal. Chem. 39, (1967) 543). This was a reminder.

8. Send curves and data to Dr. Hans-Georg Wiedemann, Mettler Instruments AG,
CH-8606 Greifensee, Zurich, Switzerland. The task of organizing the purchase
and distribution of materials and assemblying the responses was delegated to
Dr. Wiedemann, Vice Chairman of the Committee on Standardization.

The need for reference standards was immediately evident from the scatter of
the data, which was even greater than anticipated. The several balance types,
the variety of ways of positioning the magnet and the diverse positions of the
temperature measuring point with respect to the sample, all contributed to overall
scatter.

Means for each participant were computed and transferred to cards. These were
sorted in the several ways and the means and standard deviations computed for
each group. Facilities at both the National Bureau of Standards and The Uni-
versity of Akron were used.

In every case, the data were analyzed as received. Any errors in interpretation
or interpolation are included in the data in this report. The treatment is thereby
representative of the inter-laboratory comparisons that would be made using
these reference materials.

Examination for systematic bias — Examination of the unweighted raw data
and comparison with the means disclosed immediately that systematic bias was
the major source of deviation. This was expected because of the diverse methods
chosen by instrument manufacturers to provide a temperature measuring point.
No extensive statistical evaluation appeared appropriate. Instead, the data from
each observer were examined in terms of their relation to the means.

One set of data indicated deviations — both high and low — large enough to
warrant close examination of the apparatus. This examination disclosed that the
position of the magnet was such that the sample was in a near-zero vertical mag-
netic flux. The lack of magnetic field acting in the direction of the measured
movement had led to inability to determine the designated points in a few cases
as well as the major deviations noted above. The data were deleted.

In three other cases, the data on the highest temperature material reported by
these participants differed from their other deviations both in direction and, quite
strikingly, in magnitude. From the thermobalance characteristics, it was concluded
that the temperature distributions changed substantially near the limit of opera-
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tion of the furnace. These three data sets, two on Trafoperm and one of Perma-
norm 5, were deleted.

Examination for random error — The data on a given material from any one
participant differed typically by 0—5° for any of the three points. Because there
were no “‘standard” ways of arranging the magnet, comparison of identical instru-
ments is less meaningful than in the previous test programs on DTA-DSC refer-
ence materials. It can be concluded, however, that data reproducible within a few
degrees can be obtained on any one instrument.

Heating rate dependence — The data of individual participants were examined
to learn whether or not a variation due to heating rate existed. In most cases the
differences were small, 0—3°, much less than the systematic deviation discussed
above. The differences were not even completely consistent in sign.

One of the considerations that led to the deletions of some data sets of Trafo-
perm and Permanorm 5 was the large apparent heating rate dependence for these
whereas the same materials in other furnace assemblies yielded no similar depen-
dence nor did the lower temperature materials in the same thermobalances.

An inference that the temperature distribution within the furnace assembly
varies somewhat with heating rate may be drawn and that this temperature distri-
bution is more severe when the furnace is near its maximum operating temper-
ature.

Table 1

Participant means and overall means, standard deviations
and ranges for Permanorm 3

T.,°C T..°C T4,°C
255 ! 267 265
253 [ 260 266
242 255 264
258 266 276
251 257 265
253 260 266
256 - 270
260 ‘ 264 277
251 i 259 266
263 i 266 273
253 257 262
257 260 265
246 250 257
248 253 259
248 | 254 260
253 259 267
260 270 278
252 255 260
Range 242263 250—270 255—1278
Mean temperature 253.3 259.1 266.4
Standard deviation 5.3 5.2 6.2
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The unweighted means —  With the exclusions noted above, the unweighted
means and standard deviations were calculated from the participants’ means.
These are given in Tables 1 —5. In only five of the 213 means did a participant’s
standard deviation for a given data point equal or exceed the overall standard
deviation. Each of these five data sets was from an instrument which enabled
~ a wide range of adjustment of the thermocouple position. The several runs involved

in the deleted sets were made at different times; that is, these measurements were
done when work load permitted. Other instruments of the same type yielded much
closer-lying data so an inference may be drawn that repositioning of the thermo-
couple junction from time to time led to the differences.

Significance of the means — The mean values of these data are useful as refer-
ence points from which to measure the deviations found in an individual appara-
tus. The reference points can thereby be used to relate measurements from labo-
ratory to laboratory — even though different instruments are used — because
common materials, tested for homogeneity, were used.

The mean values of these data cannot be taken as an accurate measure of the
magnetic transition temperature, The defined points on the TG curve in Figure 1
are necessarily arbitrary but are readily defined geometrically; they have no firm
relationship in principle to the absolute value of the temperature at which the

Table 2

Participant means and overall means standard deviations
and ranges for Nickel

7,,°C T,°C T,,°C
344 345 346
355 357 358
354 357 359
346 347 348
353 357 358
352 353 355
350 350 351
354 - 357
360 360 363
360 361 362
350 352 352
350 - 351
343 344 345
348 349 350
351 355 359
357 359 360
348 350 353
350 351 353
Range 343— 360 344— 361 345—363
Mean temperature 351.4 352.9 3544
Standard deviation 4.8 53 5.4
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Heating ——»—»Cooling

Fig. 1. The defined points of the thermogravimetric temperature calibration curve

Table 3

Participant means and overall means standard deviations
and ranges for Mumetal

7,,°C T,,°C T5,°C
376 378 380
380 382 389
373 382 390
383 385 388
376 384 391
375 376 377
381 — 387
392 ! 395 398
377 380 387
377 380 387
376 381 385
363 366 370
380 383 387
380 391 393
376 385 390
378 380 380
386 389 393
365 370 375
Range 363—392 366— 395 370— 398
Mean temperature 377.4 381.6 385.9
Standard deviation 6.3 7.0 7.2
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Table 4

Participant means and overall means, standard deviations
and ranges for Permanorm 5

T,,°C T.,°C T,,°C

458 465 470
450 454 458
455 — 460
450 454 458
447 458 462
448 450 452
435 438 441
450 452 456
451 454 461
448 450 455
457 460 465
454 458 464
452 458 461
442 448 452
463 466 471
458 460 463

Range 435—463 438— 466 441—40

Mean temperature 451.1 455.0 459.3

Standard deviation 6.7 7.1 7.3

Table 5

Participant means and overall means, standard deviations
and ranges for Trafoperm

T.,°C T,,°C Ty,°C
755 757 760
760 763 766
755 756 757
736 737 740
747 749 752
744 748 750
748 750 751
728 731 733
767 769 771
752 759 762
753 754 755
Range 728— 767 731—769 733—~1770
Mean temperature 749.5 752.1 754.3
Standard deviation 10.9 10.9 11.6
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Table 6

Averages of the differences of participants’ means from overall means
with the standard deviations of the differences

Participant Participant
Mean Standard Mean Standard
difference, deviation, difference, deviation,
OC OC Dc Oc
—10.4 4.7 1.5 38
33 5.3 — 8.1 3.9
— 09 3.8 — 0.7 2.8
— 34 4.3 6.2 3.0
— 2.6 2.6 —13.7 55
0.3 4.4 3.0 1.8
10.9 4.1 7.2 2.0
— 0.2 2.6 — 0.5 2.8
4.6 4.9

Mean standard deviation = 3.59 + 1.12°C.

material loses its paramagnetism, even when that event occurs at a well-defined
temperature. This does not detract in any way from their utility in dynamic measure-
ments.

Participants deviations from the mean — The variability of the overall data
arises from instrumental parameters. This is evident from the consistent differ-
ences between any one participant’s data and the overall means. Table 6 shows
the mean deviation

X (participant mean — overall mean)

number of measurements

for the several participants along with the standard deviations within the sets.

It is clear from the closeness of the individual data sets that the overall instru-
ment behavior is consistent for each participant. Both the most positive value,
an average of 10.9° above the mean values, and the most negative, an average
of 13.7° below the mean value, have somewhat high standard deviation, 4.1 and
5.5° respectively, and the ranges were 5 to 19 and —7 to —24 respectively, the
higher differences appearing at the higher temperatures in each case.

These increasing differences with temperature imply that substantially different
temperature gradients exist in some furnaces at the lower and higher temperatures.
They also demonstrate the need for calibration not simply of the thermocouple
but of the thermocouple + sample holder + heating rate combination. The need
for heating rate calibration appears to be very important when the apparatus is
being used at or near its performance limits.

Derivative thermogravimetric data — Two investigators reported DTG data.
Of these, one reported computer-generated values very close to the TG values.
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Table 7

Breadth of defiection, T;— T;, for all participants
and each material and the sum of T,— T for each participant
(Data are arranged in numerical order)

Perma- Nickel Mumetal Perma- Trafoperm Sum
norm 3 norm 5

7 1 4 4 2 21

8 1 4 4 2 211

9 1 5 5 2 221
10 2 6 5 3 262
10 2 6 6 4 28
11 2 7 6 4 28
12 2 7 8 5 311t
13 2 7 8 5 32t
13 3 9 8 5 34
14 3 9 8 6 34
14 3 10 9 6 35
14 3 10 10 10 37
15 3 10 10 381
15 3 12 10 50
17 5 13 12 421
18 5 14 15 52
18 5 15 73
22 8 17

Mean 13.3°C 3.0°C 9.2°C 8.0°C 4.5°C 35.5°C?
Standard deviation 3.9°C 1.8°C 4.1°C 3.0°C 2.3°C 13.2°C

1 Four data points.

2 Three data points.

3 Calculated from the ten complete sets of data. In addition to the data dropped, there
were in some cases missing data because the participant was unable to measure T satis-
factory.

The T, data tended to be slightly lower for DTG. The DTG value for T, was
typically either the same or 1° higher than the TG value. The T} value was gener-
ally 2—3° higher for DTG than TG, but a few data were higher and lower.

The other set of DTG data were from an electronic derivative system. The DTG
data tended to be 4 — 10° higher than the TG values on heating and corresponding
lower in cooling. The apparent femperature difference is presumably a time lag
due to the capacitance in the derivative circuit. In typical RC circuits, the time
constant can be adjusted to a (subjective) compromise between good sensitivity
and acceptable noise. It should be possible to ascertain the typical time lags
associated with the (resistance) setting in the circuit to enable a temperature
correction.
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Table 8

Investigator means and group means, standard deviations,
and spans sorted by beam-sample relationship, for Permanorm 3

Loading T, °C T,, °C T °C
Top 253 257 262
263 266 273
260 264 277
251 259 266
252 255 260
260 270 278
348 253 259
242 255 264
256 — 270
Mean " 253.9 259.9 | 267.7
Standard deviation ! 6.6 6.1 ‘ 7.2
Span J 21 20 ’ 23
Beam | 258 266 276
I 255 ‘ 260 265
‘ 253 259 267
Mean 255.3 261.7 269.3
Standard deviation 2.5 3.8 5.9
|
Span Q 5 7 11
Bottom 246 250 257
253 260 266
253 260 268
251 257 265
257 260 265
| 248 254 260
Mean | 2513 256.8 263.5
Standard deviation 3.9 4.1 4.1
Span ‘ 9 10 11

The computer-derived data are typically generated from already-smoothed
data; the agreement in the values reported out should be better than for an elec-
tronic derivative. The DTG values have validities no greater or less than those of
the smoothed data.

Breadth of deflection — A feature worth noting is the difference between the
measured 7; and T, which can be defined as the breadth of the deflection. Not
only are there large differences in breadths but also these have some consistencies
with respect to both material and apparatus.
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Table 9

Investigator means and group means, standard deviations,
and spans sorted by beam-sample relationship, for Nickel

Loading T,,°C T.,°C T,°C
Top 352 353 355
351 355 359
350 352 352
360 361 362
360 360 363
353 357 358
350 350 351
354 357 359
354 — 357
Mean : 353.8 355.6 357.3
Standard deviation 3.8 . 3.8 4.1
Span 10 11 12
Beam 357 359 360
350 351 353
355 357 358
Mean 354.0 355.7 357.0
Standard deviation 3.6 4.2 3.6
Span 7 8 7
Bottom 343 344 345
348 350 353
346 347 348
344 345 346
348 349 350
350 - 351
Mean 346.5 347.0 348.8
Standard deviation 2.7 2.5 3.1
Span 7 6 8

Table 7 shows the breadth, as measured by 75 — T; for the averages of investi-
gators data. The differences among the materials are clear. Nickel has an extremely
sharp transition, which the small breadth reflects, whereas Permanorm 3 had the
greatest span of measured differences, nearly five times that for nickel. The
2(T, — T) for each participant discloses that some had characteristically large or
small breadths. Five participants had small values for one or more materials;
these data were from four different instruments.
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Table 10

Investigator means and group means, standard deviations,
and spans sorted by beam-sample relationship, for Mumetal

Loading “ 7,,°C T,,°C T,,°C
Top 376 381 385
392 395 398
378 380 380
380 390 392
386 389 393
376 385 390
373 382 390
377 380 387
381 — 387 )
Mean 379.9 385.2 389.1
Standard deviation 5.9 5.6 5.2
Span 22 23 } 24
!
Beam | 30 383 W
i 383 385 ! 388
376 378 \ 380
Mean 379.7 382.0 ‘ 385.0
Standard deviation ‘ 3.5 3.6 4.4
Span % 7 7 | 8
Bottom 380 382 L 389
375 376 377
377 380 387
363 366 370
365 370 375
; 376 384 391
Mean \ 372.7 376.3 381.5
Standard deviation 6.9 7.1 8.6
Span 17 18 21

Sample loading positic
fiable — the top-loaded, the bottom-loaded, and the beam-loaded, in which the
terms identify the position of the load (including sample) with respect to the beam.
Even though there is no obvious direct effect arising from the load position, a test
of the data was indicated. The data are given, with means, standard deviations,
and spans, in Tables 8 — 12, with assembly of the means in Table 13.

The spans, the differences between the high and low investigator means for each
group, disclose some systematic errors. The data on beam-loading have smaller

— Three general types of balances are readily identi-
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Table 11

Investigator means and group means, standard deviations,
and spans sorted by beam-sample relationship, for Permanorm 5

Loading T,°C T,,°C T5,°C
Top 451 454 461
458 460 463
452 458 461
442 442 446
447 458 462
454 458 464
463 466 471
455 — 460
Mean 452.8 456.6 461.0
Standard deviation 6.4 7.4 7.0
Span 21 24 25
Beam 457 460 465
450 452 456
458 465 470
Mean 455.0 459.0 463.7
Standard deviation 4.4 6.6 7.1
Span 8 13 14
Bottom 450 454 458
435 438 441
450 455 458
448 450 452
442 448 452
Mean 445.0 449.0 452.2
Standard deviation 6.5 6.8 6.9
Span 15 ‘ 17 17

spans than the others partly because only one (commercial) balance is represented.
The top-loading balances were five in number, two manufacturers each represent-
ed by two models. The bottom loading group represented six models, counting
one particular model of balance separately for each different control and measuring
system with which it is supplied. The separate counting is appropriate because
manufacturers can position sensors differently in different models. In comparing
the balance type means with the overall means (Table 13), the weighting of the
mean arising from the greater number of toploading balances should be taken
into account.
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Table 12

Investigator means and group means, standard deviations,
and spans sorted by beam-sample relationship, for Trafoperm

Loading T,°C T,,°C T,,°C
Top 743 746 749
744 745 746
755 756 757
760 763 766
767 769 771
752 759 762
Mean 753.5 756.3 758.5
Standard deviation 9.3 9.5 9.7
Span 24 24 ' 25
Beam 755 757 760
747 749 752
i _the
Mean i 751.0 753.0 756.0
Standard deviation 5.7 5.7 5.7
Span 8 8 8
Bottom 728 731 733
736 737 740
753 754 755
Mean 739.0 740.7 742.7
Standard deviation 12.8 11.9 11.2
Span 25 23 22

The deviations within a balance type can be attributed with confidence to differ-
ences in operator adjustment. Whereas the participants data in all tables are
randomized, when the data in Table 5 are arranged in numerical order (to pro-
vide complete sets), the sequence of participants is precisely repeated for each of
the five materials (Tables 1—35). Further, for the beam-loaded data of Tables
8—12, the same participant was consistently high, neither of the other two being
consistently lowest. This suggests a systematic difference either in calibration,
which can occur with any balance, of in placement of the measuring point in this
beam-loaded thermobalance.

The only balance used by as many participants as the beam-loaded DuPont
instrument is the top-loaded Mettler TA-1, in which the thermocouple is fixed
in a position near the sample. Table 14 shows the data for these four instruments.
These data show a much smaller range than the whole group of the top-loading
balances. Even so, there are ranges greater than thermocouple uncertainties. The
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Table 13

Summary of rounded means sorted by beam-sample relationship

Material Overall mean Top-loading Beam-loading | Bottom-loading
Permanorm 3, T 253.4°C 253°C 255°C 251°C
T, 259.2 259 262 257
T, 266.9 267 269 264
Nickel Ty 351.4 354 354 346
T, 3529 355 356 347
T; 354.9 357 357 349
Mumetal T, 377.8 379 380 373
T, 381.7 384 382 376
T 385.8 388 385 382
Permanorm 5, T, 450.9 453 455 445
T, 454.7 457 459 449
T, 458.2 460 464 452
Trafoperm T, 748.5 754 751 739
T, 750.0 756 753 741
T, 751.0 754 756 743

probable sources of differences are both instrumental and personal. The instru-
ment differences may arise from any component of the temperature measuring
system and should be consistent in magnitude and direction whereas the personal
variations in interpretation of curves may be either systematic or random both
in magnitude and direction. The important of systematic error is demonstrated
by the similarities in the order of participants. For the ten sets of measurement
of T, and Ty, the high — low ranking of participants was repeated precisely (accept-
ing a tie as agreement) in nine cases. The exception was T, for Permanorm 3;
even this change in order would occur for a shift of only 3° in the reported tem-
perature.

The order of participants is not nearly so reproducible for T;. Only in two of
the five cases did the order coincide. However, two participants supplied all five
high reported temperatures and two supplied all the low; one participant reported
four of the second-highest values.

It is clear that a range of values several times the standard deviation of the
individual data sets can be obtained from identical balances in different labora-
tories. It is also clear that the differences are largely systematic because the order
of participants data is so often repeated for T, and T;. The variation in reported
values of T; may arise in part from subjective interpretation of the curve.

The existence of systematic variation even within balance types demonstrates
the need for use of reference materials from a common source, and, emphasizes
the importance of calibrating under programmed temperature as compared to
an independent calibration of the thermocouple.
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Table 14

Investigator means and spans
for a single model of top-loading balance

T,,°C T,,°C T,,°C
Permanorm 3 351 258 266
248 253 259
252 255 260
242 255 264
Span 9 5 7
Nickel 353 I 357 358
351 355 359
352 353 355
350 352 352
Span 3 ’ 5 7
Mumetal 378 380 380
373 382 390
376 385 390
376 381 385
Span 5 5 10
Permanorm 5 448 450 455
447 458 462
451 454 461
454 458 464
Span 7 8 S
Trafoperm 760 © 763 L766
748 . 750 P 751
755 L 756 757
752 759 762
Span 12 13 15

Comparing the larger groups, the consistently lower temperatures from the
bottom-loaded balances are very obvious. The difference from the mean tends
to increase with temperature. Some of the bottom-loaded balances have the
temperature sensor below the sample holder. If there is a vertical temperature
gradient in the furnace, this behavior would be the predictable result. Sorting
the data in order of temperature bears this out, the same two participants reporting
data invariably lower than the others. A third participant used a balance which
had a support system close below the sample holder; these data were more nearly
like those from other positions.

Cooling data — The temperatures observed on cooling as the specimens regained
their magnetic properties were virtually the same as on heating. There is no evi-
dence of a hysteresis that might interfere with any subsequent measurements.

Observation by participants — A small number of observers supplemented their
report of data with remarks on any unusual behavior. Any behavior that might
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tend to vitiate the data were investigated by study of related data from all labora-
tories. There is no question brought forward by more than one observer that
remains unresolved.

Conclusions
A. General

The reproducibility demonstrated by the several participants indicates that the
materials are suitable temperature reference standards. The variability between
participants is largely due to instrument design, particularly with regard to the
geometric relation between the sample and the temperature measuring point.
In some instruments, variation of this relationship is possible from investigator
to investigator or even from day to day in the same laboratory. These variations,
avoidable or not, make the use of temperature reference standards necessary
for correlation of data.

Magnet position — The development of thermobalances has taken many direc-
tions; the commercial products do not have a general enough form to enable
specification of a single or even a small number of magnet positions. The com-
mittee, in its preparation of the protocol, assumed that each participant was
familiar with the general properties of magnets and magnetism. As a precaution,
however, it illustrated some already-tested positions that might be used in case
the optimum position could not be used. (This occurred in several cases because
there was no access to a position close above or below the sample position.)

Because a thermobalance is designed to measure changes in mass, it is obvious
that the most useful effect can be obtained by a force operating either in support
of or in opposition to gravity. It is better that the force should pull away from the
balance beam rather than toward it; that is, if a sample is supported above the
beam, the upward pull of a magnet will not cause any horizontal deflection;
the same is true of a downward pull on a sample below the beam. Even so, a small
axial force toward the beam should cause little difficulty.

The magnet force needs to be only large enough -to cause an unmistakable
balance deflection, so a small magnetic flux is adequate when a magnet can be
mounted directly above or below.

If a magnet must be mounted to the side, a horizontal force is introduced which
is almost certain to be larger than the vertical component of flux. Whether or not
a measurable mechanical deflection occurs depends not only upon the relative
strength, position, and distance of the magnet but also upon the mass and moment
arm of the sample support.

There is no reason to believe a horseshoe magnet is superior to a bar magnet
or a disc magnet. Any magnet that can produce a detectable deviation is satis-
factory.

Kind of magnet — The basis for choice of the kind of magnet for this study
was the convenience in mounting in an effective position. Horseshoe and bar
alloy magnets are commonly available; ceramic based magnets are still rare;
electromagnets are generally too large for convenient mounting. This lack of
convenience may have discouraged some participants.
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The magnetic flux could most easily be generated by a direct current flowing
through a vertical-axis coil. It is reasonable to expect that use of magnetic refer-
ence materials will lead manufacturers to include a well-placed coil in future
thermobalance assemblies. Such a coil could even be used intermittently to moni-
tor an actual experiment. Further, the field strength could be changed for use
with different sensitivities.

Recommended procedures
1. Position of magnet

The optimum position of the magnet is directly above or below the sample
holder so that the magnet flux is aligned with the gravitational field. Another
possible arrangement is the use of a small magnet well out of the heated zone with
the flux concentrated by a permeable rod leading closer to the sample.

2. Strength of magnet field

No a priori values can be established. The magnetic flux for a given magnet
decreases with the second power of the distance.

The magnet need not be large because it needs to produce only an identifiable
deflection, not a half- or quarter-scale deflection.

A variable field would be useful to enable calibration during the ordinary use
of the thermobalance. This can be done by:

(a) using an electromagnet;

(b) varying the pesition (proximity) of the magnet; or

(c) if permeable rods are used, changing the length of the rod.

3. Multiple calibrations

There is no reason why more than one reference material cannot be used in
a single run. Difficulty in recording may arise from using an excessive portion
of the range for calibration but re-zeroing can be used to enable full use of the
balance range for the real weight loss.

Reporting practices — This committee has previously recommended reporting
details about the experiment and the experimental apparatus [2]. This information
enables the reader to judge whether or not some or all of any apparent disagree-
ment is due to apparatus or procedure differences.

In reporting data from experiments in which the temperature calibration was
«done using magnetic transition, this additional information should be included:

1. the physical relation between the sample and the magnet; and

2. the position of the temperature sensor with respect to the sample, specifying
‘whether or not it is in contact with the sample holder.

E3

The Committee on Standardization is grateful to the several participants in the Sixth
International Test Program and their organizations that enable their participations. The
participants were V. Amicarelli (Italy), G. D’Ascenzo (Italy), P. A. Barnes (UK), M. Escoubes
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(France), C. R. Foltz (USA), P. K. Gallagher (USA), B. Haglund (Sweden), P. J. Haines
(UK), M. Harmelin (France), K. Heide (DDR), J. M. Jervis (Canada), H. Kambe (Japan),
J. P. Mathiew (Switzerland), H. G. McAdie (Canada), O. Menis (USA), Oshigama (Japan),
H. R. Oswald (Switzerland), T. Ozawa (Japan), A. Quivy (France), D. Stewart (USA),
E. Sturzenegger (Switzerland), Y. Takahashi (Japan) and H.-G. Wiedemann (Switzerland).

Present members of the committee are P, D. Garn, Chairman; H.-G. Wiedemann, Vice
Chairman; K. Heide; H. Kambe; G. Lombardi; R. C. Mackenzie; H. G. McAdie; H. R.
Oswald; T. Ozawa; F. Paulik; J, P. Redfern; and O. T. Segrensen. Our co-author, Oscar
Menis, died December 12, 1979.
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Risumé — Les thermobalances en vente ont une large gamme de dispositions respectives de
PPensemble chauffage — échantillon — détecteur de température. A cause de ces différences
le rapprochement des données fournies d’un appareil & I’autre est imprécis. Le Confédération
Internationale d’Analyse Thermique propose une série de substances de référence magnéti-
ques certifiées pour la thermogravimétrie. L’analyse des données d’essais fournies par dixhuit
instruments montre que le données fournies par les différents modéles d’un méme instrument
restent comprises dans un intervalle de températures mesurées de 3 —15° tandis que l'inter-
valle peut étre de 17 4 39° si les valeurs fournies par tous les instruments sont prises en compte.
Les différences sont systématiques, non seulement entre les différents types de balances, mais
aussi pour le méme modele d’instrument dans des laboratoires différents. L’utilisation de ces
substances de référence certifiées permet de corréler les divers instruments.

ZUSAMMENFASSUNG — Die handelsiiblichen Thermowaagen verfliigen iiber cine breite Skala
von Heizkdrper-Probe-Temperaturfithler-Beziehungen. Wegen dieser Unterschiede waren die
Angaben von einem Geriat zum anderen ungenau. Die Internationale Konftderation fiir
Thermoanalyse hat eine Reihe magnetischer Referenzsubstanzen fiir die Thermogravimetrie
bestitigt. Die Analyse der Priifdaten von achtzehn Geriten zeigt, daB wiahrend die Angaben
verschiedener Modelle in einem einzigen Instrument eine Spanne gemessener Temperaturen
von 3 bis 15° zeigen, die Spannen fiir simtliche Instrumente 17 bis 39° betragen. Die Differen-
zen sind systematisch, nicht nur zwischen Waagentypen, sondern auch fiir dasselbe Gerite-
modell in verschiedenen Laboratorien. Der Gebrauch dieser geeichten Referenzsubstanzen
gestattet die Korrelation zwischen Geréten.

Pesrome — st BBITYCKaeMBIX MPOMBIIIIIEHHOCTBIO TEPMOBECOB XapaKTEPHBIM SBISETCA Ha-
Truue GONBIIOTrO YMCIIA B3AMMOBIMSHME B CUCTEME HATpeBaTeNlb — o0paser] — TeMIeparypa.
Bceie ICTBUM UMEFOIMXCS Pa3iii'iii, OTHOCUTENBHEIE TaHHBIE, TIOJIyYEHHBIE OT Pa3HBIX NPHOOPOB,
ObuTy HeTOuHBIMA. MeXxayHaponHasa denepalus N0 TEPMHYSCKOMY aHAIN3y BBHIHEC/IA PEINCHUE
00 WCTIONB30BAHAM B TEPMOTPABMMETPUN MAaTHUTHBIX MATEPHAIOB B KadecTBe OoOpasloB Cpa-
BHENVSA. AHANM3 NAHHBIX OT BOCEMHAANATH IPHGOPOB TOKA3al, YTO B TO BpeMs Kak pa30poc naH-
HBEIX OT HECKOJIGKMX MOJENEH OQHOTO ¥ TOTO XK€ HHCTPyMeHTa cocasui 3—15°, To pa3bpoc us-
MEPEHHBIX TEMIIEPATyp A BCeX npuOopoB cocTaBuil 17—39°. Pa3iniyus ABIAINCH CHCTEMATH~
YEeCKMMU H HE TOJIBKO MEXY Pa3INIHbIMHA TUIIAME BECOB, HO TaX>Ke I ONHOM K TOM e MOAEIH
mpubopa B pa3muyHEBIX JabopaTopusx. VICIONB30BaHHE PEKOMEHAYCMBIX MaTepHaioB, Kak 00-
paslOB CPABHEHMS, TO3BOJISAET YCTAHOBHTE KOPPEJISIIIH MEXIY IpHOOpaMHu.
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