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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 commerc ia l ly  avai lable  the rmoba lances  have a wide range  o f  design.  
Sample  capaci t ies  range f rom < 1 g to ca. 150 g and full scale weight  changes range  
f rom 0.01 g to 100 g. I t  is inevitable tha t  different approaches  are t aken  for  measure-  
ment  of  the sample  temperature .  

A the rmoba lance  with a low sample  capaci ty  requires  an isola ted t empe ra tu r e  
sensor - a the rmocouple ,  resis tance the rmomete r ,  or  o ther  t ransducer  - loca ted  
in the vicinity of  the sample  ho lder  but  no t  in mechanica l  contac t  with it. On the  
o ther  hand,  a large capaci ty  the rmoba lance  enables  connect ion  o f  t he rmocoup le  
leads f rom the s ta t ionary  to the " m o v i n g "  system. In this case the  weight change  
range may be l imited at the lower end by the reproduc ib i l i ty  of  any  res t ra int  f rom 
the connect ion.  I f  the balance  is held near  a null  pos i t ion  by weight ad jus tment  
or  a res tor ing force, the effect of  the connect ion  can become negligible. Fu r the r ,  
many  the rmoba lances  are opera ted  very f requent ly  in vacuum;  in this case the 
heat  t ransfer  is by rad ia t ion  so the re la t ion of  the t empera tu re  o f  the sample  to  
tha t  of  the sensor is different f rom tha t  observed in air  or  a cont ro l led  a tmosphere .  
The convect ive/conduct ive  t ransfer  of  heat  is the m a j o r  process  at  low and mode-  
rate  tempera tures .  The  relat ive t ransfer  by convec t ion /conduc t ion  as c o m p a r e d  
to rad ia t ion  depends  not  only upon  the t empera tu re  but  also upon  the mate r ia l s  
- especial ly surfaces - in the space between the heater  and  sample  holder  o r  
t empera tu re  sensor so a sui table quant i ta t ive  discussion is not  app rop r i a t e  in 
this  report .  

* Presented at the 6th ICTA Conference Bayreuth, G. F. R,, 1980. 
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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 1CTA 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 I 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 
M umetal 
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 1TP 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 T1, T2, T3, defined in the accompanying figure, should 
be reported to the nearest I~ 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 ~  min and 
5 - 6 ~  min -1. In many thermoanalytical techniques the measured parameters 

o r . T h e r m a l  A n a l .  2 0 ,  1 9 8 1  
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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(CI04)~ 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 o f  
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. ]nstead, 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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t i on  o f  the  furnace.  These three da t a  sets, two on T ra fope rm and  one o f  Pe rma-  
n o r m  5, were deleted.  

E x a m i n a t i o n  f o r  r a n d o m  error  - The da t a  on a given mater ia l  f rom any one 
pa r t i c ipan t  differed typica l ly  by  0 -  5 ~ for  any  of  the three  points .  Because there  
were no " s t a n d a r d "  ways of  a r rang ing  the magnet ,  compar i son  o f  ident ical  ins t ru-  
ments  is less meaningful  than  in the previous  test p rog rams  on D T A - D S C  refer-  
ence  mater ia ls .  I t  can be concluded,  however ,  tha t  da t a  reproduc ib le  within a few 
.degrees can be ob ta ined  on any one ins t rument .  

H e a t i n g  ra te  dependence  - The da t a  o f  ind iv idua l  pa r t i c ipan t s  were examined  
to  learn  whether  or  not  a var ia t ion  due  to  heat ing ra te  existed. In  mos t  cases the  
.differences were small ,  0 - 3  ~ much less than  the sys temat ic  devia t ion  discussed 
above.  The differences were no t  even comple te ly  consis tent  in sign. 

One o f  the cons idera t ions  tha t  led to the dele t ions  o f  some da t a  sets o f  Trafo-  
pe rm and  P e r m a n o r m  5 was the large a p p a r e n t  heat ing rate  dependence  for  these 
whereas the same mater ia ls  in o ther  furnace  assemblies yie lded no s imilar  depen-  
dence  no r  d id  the lower t empera tu re  mater ia l s  in the same the rmoba lances .  

A n  inference tha t  the t empera tu re  d i s t r ibu t ion  within the furnace  assembly  
varies somewha t  with heat ing rate  may  be d rawn  and  tha t  this t empera tu re  distr i-  
bu t ion  is more  severe when the furnace  is near  its m a x i m u m  opera t ing  t emper -  
a ture .  

Range 

Mean temperature 

~tandard deviation 

Table 1 
Participant means and overall means, standard deviations 

and ranges for Permanorm 3 

T~.~ 

267 
260 
255 
266 
257 
260 

264 
259 
266 
257 
260 
250 
253 
254 
259 
270 
255 

250-- 270 

259.1 

5.2 

TI,~ 

255 
253 
242 
258 
251 
253 
256 
260 
251 
263 
253 
257 
246 
248 
248 
253 
260 
252 

242-- 263 

253.3 

5.3 

Ta,~ 

265 
266 
264 
276 
265 
266 
270 
277 
266 
273 
262 
265 
257 
259 
260 
267 
278 
260 

255--278 

266.4 

6.2 
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The unweighted means - : W i t h  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 o f  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 

Range 

Mean temperature 

Standard deviation 

T~,~ T~,~ Ta,~ 

344 
355 
354 
346 
353 
352 
35O 
354 
360 
36O 
35O 
35O 
343 
348 
351 
357 
348 
350 

343- 360 

351.4 

4.8 

345 
357 
357 
347 
357 
353 
35O 

360 
361 
352 

344 
349 
355 
359 
350 
351 

344- 361 

352.9 

5.3 

346 
358 
359 
348 
358 
355 
351 
357 
363 
362 
352 
351 
345 
35O 
359 
360 
353 
353 

345-- 363 

354.4 

5.4 
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I 

xG j _  

1"i . 1 

Fig.  1. The  defined po in t s  o f  the  t h e r m o g r a v i m e t r i c  t e m p e r a t u r e  ca l ibra t ion  curve  

Table  3 

Par t ic ipant  m e a n s  and  overal l  m e a n s  s t a n d a r d  devia t ions  
and  r anges  for M u m e t a l  

R a n g e  

M e a n  t e mpe ra t u r e  

S t a n d a r d  devia t ion  

TI,~ 

376 
38O 
373 
383 
376 
375 
381 
392 
377 
377 
376 
363 
380 
380 
376 
378 
386 
365 

363--  392 

377.4 

6.3 

Ta,~ Ta,~ 

378 
382 
382 
385 
384 
376 

395 
380 
380 
381 
366 
383 
391 
385 
380 
389 
370 

366--  395 

381.6 

7.0 

380 
389 
390 
388 
391 
377 
387 
398 
387 
387 
385 
370 
387 
393 
390 
380 
393 
375 

370--  398 

385.9 

7.2 
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Table 4 

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

Range 

Mean temperature 

Standard deviation 

T~,~ T2,~ T3,~ 

458 
450 
455 
450 
447 

465 
454 

454 
458 

470 
458 
460 
458 
462 

448 
435 
450 
451 
448 
457 
454 
452 
442 
463 
458 

4 3 5 -  463 

451.1 

6.7 

450 
438 
452 
454 
450 
460 
458 
458 
448 
466 
460 

4 3 8 -  466 

455.0 

7.1 

452 
441 
456 
461 
455 
465 
464 
461 
452 
471 
463 

441-- 4 0 

459.3 

7.3 

Table 5 

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

Range 

Mean temperature 

Standard deviation 

T~,*C T2,~ Ta,~ 

755 
760 
755 
736 
747 
744 
748 
728 
767 
752 
753 

728-- 767 

749.5 

10.9 

757 
763 
756 
737 
749 
748 
750 
731 
769 
759 
754 

731-- 769 

752.1 

10.9 

760 
766 
757 
740 
752 
750 
751 
733 
771 
762 
755 

733-- 770 

754.3 

I i .0  
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Table 6 

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

Participant 

M e a n  Standard 
difference, devia t ion ,  

~  ~ 

- -  1 0 . 4  4 . 7  

3.3 5.3 
- -  0.9 3.8 
- -  3 . 4  4 . 3  

- -  2.6 2.6 
0.3 4.4 

10.9 4.1 
- -  0.2 2.6 

4.6 4.9 

Participant 

Mean  Standard  
difference, 

~ 

1.5 
- -  8.1 
- -  0 . 7  

6.2 
- -  1 3 . 7  

3.0 
7.2 

- -  0.5 

deviat ion,  
~ 

3.8 
3.9 
2.8 
3.0 
5.5 
1.8 
2.0 
2.8 

Mean standard deviation = 3.59-b 1.12~ 

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 f r o m  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 

S (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 - 2 4  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 therrnocouple + 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 deflection, Ts--T1, for all participants 
and each material and the sum of T3--Tt for each participant 

(Data are arranged in numerical order) 

Mean 

Standard deviation 

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

17 
18 
18 
22 

13.3~ 

3.9~ 

1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
5 
5 
5 
8 

3.0~ 

1.8~ 

4 
4 
5 
6 
6 
7 
7 
7 
9 
9 

10 
10 
10 
12 
13 
14 
15 
17 

9.2~ 

4A~ 

4 
4 
5 
5 
6 
6 
8 
8 
8 
8 
9 

10 
10 
10 
12 
15 

8.0~ 

3.0~ 

2 
2 
2 
3 
4 
4 
5 
5 
5 
6 
6 

10 

4.5~ 

2.3~ 

21 
21 1 
22 t 
26 2 
28 
28 
31 x 
32 ~ 
34 
34 
35 
37 
38 1 
50 
42 ~ 
52 
73 

35.5~ a 

13.2~ 

1 Four data points. 
2 Three data points. 
a 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 T3 satis- 
tactory. 

The  T1 da ta  tended to be slightly lower for  D T G .  The D T G  value for  Tz was 

typically either the same or 1 o higher than  the T G  value. The T 3 value was gener- 

ally 2 - 3  ~ higher for  D T G  than  TG,  but  a few data  were higher and lower. 

The other  set of  D T G  data  were f r o m  an electronic derivative system. The D T G  
data  tended to be 4 - 1 0  ~ higher than the T G  values on heating and corresponding 

lower in cooling. The apparent  t e m p e r a t u r e  difference is presumably  a t i m e  lag 

due to the capaci tance in the derivative circuit. In typical R C  circuits, the t ime 

constant  can be adjusted to a (subjective) compromise  between good  sensitivity 

and acceptable  noise. It  should be possible to ascertain the typical t ime lags 

associated with the (resistance) setting in the circuit to enable a tempera ture  

correct ion.  

J. Thermal Anal. 20, 1981 
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TaNe 8 

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

195 

Top 

Mean 

Standard deviation 

Span 

Beam 

Load ing  7"1 ~ T.2, ~ T3, ~  

Mean 

Standard deviation 

Span 

253 
263 
260 
251 
252 
260 
348 
242 
256 

253.9 

6.6 

21 

258 
255 
253 

255.3 

2.5 

5 

257 
266 
264 
259 
255 
270 
253 
255 

259.9 

6.1 

20 

266 
260 
259 

261.7 

3.8 

7 

262 
273 
277 
266 
260 
278 
259 
264 
270 

267.7 

7.2 

23 

276 
265 
267 

269.3 

5.9 

11 

Bottom 

Mean 

Standard deviation 

Span 

246 
253 
253 
251 
257 
248 

251.3 

3.9 

9 

250 
260 
260 
257 
260 
254 

256.8 

4.1 

10 

257 
266 
268 
265 
265 
260 

263.5 

4.1 

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 D T G  values have validities no  greater or less than those of 
the smoothed data. 

Bread th  o f  de f lec t ion  - A feature worth no t ing  is the difference between the 
measured T1 and T3 which can be defined as the breadth of the deflection. No t  
only are there large differences in breadths but  also these have some consistencies 
with respect to both  material  and apparatus.  

13" J. Thermal Anal. 20, 1981 
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Table 9 

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

Loading T~,~ Tz,~ T,~ 

Top 

Mean 

Standard deviation 

Span 

352 
351 
350 
360 
360 
353 
350 
354 
354 

353.8 

3.8 

10 

353 
355 
352 
361 
360 
357 
35O 
357 

355.6 

3.8 

11 

355 
359 
352 
362 
363 
358 
351 
359 
357 

357.3 

4.1 

12 

Beam 

Mean 

Standard deviation 

Span 

Bottom 

Mean 

Standard deviation 

Span 

357 
350 
355 

354.0 

3.6 

7 

343 
348 
346 
344 
348 
350 

346.5 

2.7 

7 

359 
351 
357 

355.7 

4.2 

8 

344 
35O 
347 
345 
349 

347.0 

2.5 

6 

360 
353 
358 

357.0 

3.6 

7 

345 
353 
348 
346 
350 
351 

348.8 

3.1 

8 

Table 7 shows the breadth,  as measured by T3 - T1 for the averages of investi- 
gators data. The differences among  the materials are clear. Nickel has an extremely 
sharp t ransi t ion,  which the small  breadth  reflects, whereas Pe rmanorm 3 had the 
greatest span of measured differences, nearly five times that  for nickel. The 
~ ( T z  - T O  for each par t ic ipant  discloses that  some had characteristically large or 
small breadths.  Five part icipants had small  values for one or more mater ials ;  
these data  were f rom four  different ins t ruments .  
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Table 10 

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

Top 

Tx,~ T2,oC Ts,~ 

Mean 

Standard deviation 

Span 

Beam 

Mean 

Standard deviation 

Span 

Bottom 

376 
392 
378 
380 
386 
376 
373 
377 
381 

379.9 

5.9 

22 

380 
383 
376 

379.7 

3.5 

7 

380 
375 
377 
363 
365 
376 

Mean 372.7 

Standard deviation 6.9 

Span 17 

381 
395 
380 
390 
389 
385 
382 
38O 

385.2 

5.6 

23 

383 
385 
378 

382.0 

3.6 

7 

382 
376 
380 
366 
370 
384 

376.3 

7.1 

18 

385 
398 
380 
392 
393 
390 
390 
387 
387 

389.1 

5.2 

24 

387 
388 
380 

385.0 

4.4 

8 

389 
377 
387 
370 
375 
391 

381.5 

8.6 

21 

Sample  loading positi~ - fhree general types of balances are readily identi-  
fiable - the top-loaded,  the bot tom-loaded,  and  the beam-loaded,  in which the 
terms identify the posi t ion of the load ( including sample) with respect to the beam. 
Even though there is no obvious direct effect arising from the load posit ion,  a test 
of the data was indicated. The data are given, with means,  s tandard deviations,  
and spans, in Tables 8 - 1 2 ,  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 
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Table 11 

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

Loading TI,~ Tz,~ Ts,~ 

Top 

Mean 

Standard deviation 

Span 

Beam 

Mean 

Standard deviation 

Span 

451 
458 
452 
442 
447 
454 
463 
455 

452.8 

6.4 

21 

457 
450 
458i 

455.0 

4.4 

8 

454 
46O 
458 
442 
458 
458 
466 

456.6 

7.4 

24 

460 
452 
465 

459.0 

6.6 

13 

461 
463 
461 
446 
462 
464 
471 
460 

461.0 

7.0 

25 

465 
456 
470 

463.7 

7.1 

14 

Bottom 

Mean 

Standard deviation 

Span 

450 
435 
450 
448 
442 

445.0 

6.5 

15 

454 
438 
455 
450 
448 

449.0 

6.8 

17 

458 
441 
458 
452 
452 

452.2 

6.9 

17 

spans than  the others  par t ly  because only  one (commercia l )  ba lance  is represented.  
The top- load ing  balances  were five in number ,  two manufac ture rs  each represent -  
ed by two models.  The  b o t t o m  load ing  group  represented  six models ,  count ing  
one par t icu la r  mode l  o f  balance  separa te ly  for  each different cont ro l  and  measur ing  
System with which it is supplied.  The separa te  count ing  is app rop r i a t e  because  
manufac turers  can pos i t ion  sensors differently in different  models .  In  compar ing  
the balance  type means  with the  overal l  means  (Table  13), the weighting o f  the  
mean  arising f rom the greater  number  o f  t op load ing  balances  should be t aken  
into  account .  
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Table 12 

Investigator means and group means, standard deviations, 
and spans sorted by beam-sample relationship, for Trafoperm 
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Loading Tt,~ T2,~ Ts,~ 

Top 

Mean 

Standard deviation 

Span 

743 
744 
755 
760 
767 
752 

753.5 

9.3 

24 

746 
745 
756 
763 
769 
759 

756.3 

9.5 

24 

749 
746 
757 
766 
771 
762 

758.5 

9.7 

25 

Beam 

Mean 

Standard deviation 

Span 

Bottom 

Mean 

Standard deviation 

Span 

755 
747 

757 
749 

751.0 753.0 

5.7 5.7 

8 8 

728 731 
736 737 
753 754 

739.0 740.7 

12.8 11.9 

25 23 

760 
752 

756.0 

5.7 

8 

733 
740 
755 

742.7 

11.2 

22 

The devia t ions  within a balance  type can be a t t r ibu ted  with confidence to differ-  
ences in ope ra to r  adjus tment .  Whereas  the par t i c ipan ts  d a t a  in a l l  tables  are  
randomized ,  when the da ta  in Table  5 are a r ranged  in numer ica l  o rder  (to p ro-  
vide comple te  sets), the sequence o f  par t i c ipan ts  is precisely repea ted  for  each o f  
the five mater ia ls  (Tables 1 -  5). Fur the r ,  for  the beam- loaded  da t a  o f  Tables  
8 - 1 2 ,  the same par t i c ipan t  was consis tent ly  high, nei ther  of  the o ther  two being 
consis tent ly lowest.  This suggests a sys temat ic  difference ei ther in ca l ibra t ion ,  
which can occur  with any balance,  o f  in p lacement  of  the measur ing  po in t  in this 
beam- loaded  thermobalance .  

The only ba lance  used by as many  par t i c ipan ts  as the beam- loaded  D u P o n t  
ins t rument  is the top - loaded  Met t le r  TA-1,  in which the the rmocoup le  is fixed 
in a pos i t ion  near  the sample.  Table  14 shows the da ta  for  these four  ins t ruments .  
These da ta  show a much smal ler  range than  the whole g roup  o f  the t op - load ing  
balances.  Even so, there  are ranges greater  t han  the rmocouple  uncertaint ies .  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, T1 
T~ 
T3 

Nickel T~ 
/'2 
T3 

Mumetal  T1 
/'2 
T~ 

Permanorm 5, T1 
T~ 
T~ 

Trafoperm T t 
Tz 
T3 

I 

253.4~ 
259.2 
266.9 

351.4 
352.9 
354.9 

377.8 
381.7 
385.8 

450.9 
454.7 
458.2 

748.5 
750.0 
751.0 

253~ 
259 
267 

354 
355 
357 

379 
384 
388 

453 
457 
460 

754 
756 
754 

255~ 
262 
269 

354 
356 
357 

380 
382 
385 

455 
459 
464 

751 
753 
756 

251~ 
257 
264 

346 
347 
349 

373 
376 
382 

445 
449 
452 

739 
741 
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 T2 and Tz, the high ~ low ranking of participants was repeated precisely (accept- 
ing a tie as agreement) in nine cases. The exception was T2 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 T1. 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 T2 and T3. The variation in reported 
values of T1 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 

TI,~ 

Permanorm 3 

Span 

351 
248 
252 
242 

9 

~,~  T3,~ 

258 266 
253 259 
255 260 
255 264 

5 7 

Nickel 

Span 

353 
351 
352 
350 

3 

357 
355 
353 
352 

5 

358 
359 
355 
352 

7 

Mumetal 

Span 

378 
373 
376 
376 

5 

Permanorm 5 

Span 

Trafoperm 

Span 

448 
447 
451 
454 

7 

760 
748 
755 
752 

12 

380 
382 
385 
381 

5 

450 
458 
454 
458 

8 

763 
750 
756 
759 

13 

380 
390 
390 
385 

10 

455 
462 
461 
464 

9 

766 
751 
757 
762 

15 

C o m p a r i n g  the larger  groups,  the consistent ly lower t empera tu res  f rom the 
bo t t om- loaded  balances  are very obvious.  The difference f rom the mean  tends 
to increase with tempera ture .  Some of  the b o t t o m - l o a d e d  balances  have the 
t empera tu re  sensor be low the sample  holder .  I f  there is a vert ical  t empera tu re  
grad ien t  in the furnace,  this behavior  would  be the pred ic tab le  result .  Sor t ing 
the da t a  in o rder  of  t empera tu re  bears  this out,  the same two par t i c ipan ts  repor t ing  
da ta  invar iab ly  lower than  the others.  A thi rd  pa r t i c ipan t  used a ba lance  which 
had  a suppor t  system close be low the sample  ho lder ;  these da t a  were more  near ly  
like those  f rom other  posi t ions.  

Cooling data - The tempera tu res  observed  on cool ing as the specimens regained 
their  magnet ic  proper t ies  were vi r tual ly  the same as on heat ing.  There  is no evi- 
dence o f  a hysteresis tha t  might  interfere with any subsequent  measurements .  

Observation by par t ic ipants  - A small  number  of  observers  supplemented  their  
r epor t  o f  da t a  with remarks  on any unusual  behavior .  A n y  behavior  tha t  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 o f  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 ha f t -o r  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 position (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 f rom using an excessive port ion 
o f  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 f rom 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. 

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. Sorensen. Our co-author, Oscar 
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RI~SUM~, - -  Les thermobalances en vente ont une large gamme de dispositions respectives de 
I'ensemble chauffage -- 6chantillon -- d6tecteur de temp6rature. A cause de ces diff6rences 
le rapprochement des donn6es fournies d 'un appareil ~t l 'autre est impr6cis. Le Conf6d6ration 
Internationale d'Analyse Thermique propose une s6rie de substances de r6f6rence magn6ti- 
ques certifi6es pour la thermogravim6trie. L'analyse des donn6es d'essais fournies par dixhuit 
instruments montre que le donn6es fournies par les diff6rents mod61es d 'un m~me instrument 
restent comprises dans un intervalle de temp6ratures mesur6es de 3 - 1 5  ~ tandis que l'inter- 
valle peut ~tre de 17 ~t 39 ~ si les valeurs fournies par tousles  instruments sont prises en compte. 
Les diff6rences sont syst6matiques, non seulement entre les diff6rents types de balances, mais 
aussi pour le m~me mod61e d'instrument dans des laboratoires diff6rents. L'utilisation de ces 
substances de r6f6rence certifi6es permet de corr61er les divers instruments. 

ZUSAMMENFASSUNG - -  Die handelsfiblichen Thermowaagen verftigen fiber eine breite Skala 
von Heizk6rper-Probe-Temperaturffihler-Beziehungen. Wegen dieser Unterschiede waren die 
Angaben yon einem Get,it zum anderen ungenau. Die Internationale Konf6deration for 
Thermoanalyse hat eine Reihe magnetischer Referenzsubstanzen for die Thermogravimetrie 
best~itigt. Die Analyse der Prfifdaten yon achtzebn Ger/iten zeigt, dab wiihrend die Angaben 
verschiedener Modelle in einem einzigen Instrument eine Spanne gemessener Temperaturen 
von 3 bis 15 ~ zeigen, die Spannen fiir s~imtliche Instrumente 17 bis 39 ~ betragen. Die Differen- 
zen sind systematisch, nicht nur zwischen Waagentypen, sondern auch for dasselbe Ger~ite- 
modell in verschiedenen Laboratorien. Der Gebrauch dieser geeichten Referenzsubstanzen 
gestattet die Korrelation zwischen Ger~iten. 

P e 3 i o M e  - -  ~ J i ~ l  BbmycKaeMbIX NpOMblnLIIeHHOCTbIO TepMoBecoB xapaKTepHblM .qBJIIIeTCl;I Ha- 
JLvlqHe 6O~lamoro ql~cJIa B3aI, IMOBYflVI~IHI, I~I B CI~ICTeMe HarpeBaTeJib - -  o6paaet~ - -  TeMiiepaTypa. 
BcYle~CTBm/~IMerOLI~HXC~I pa3YlHqm~, OTHOCHTeYlhHble ,~anHI, ie, rIoYlyqeHHble OT pa3HblX npa6OpOB, 
6I, l~rI HeTOqHt, IMH. Mex~ayrlapo~l~aa qbe~tepaI~rm no TepM~qeCKOMy asa~r~3y BbiHec.rla pememae 
o6 I~Icno.rlt,3oBaHHH B TepMorpaBrtMeTpm, I MaFHI, ITHbIX MaTepHa.rlOB B KaqecTBe o6pa3I~OB cpa- 
BHeHIJJ/. ABaJItt3 ,/~aHHI,IX OT BOCeMHaJIILaTI~I npIl6opoB noi<a3aJI, ~TO B TO BpeM~I KaK pa36poc ,~aH- 
HI, IX OT HeCKOJIbIO/IX MO~eYIe~ O~HOI'O ~I TOFO )Ke I.IHCTpyMeHTa cOCaB/,IYl 3--15 ~ TO pa36poc rI3- 
MepettHblX TeMnepaTyp jI.rI~l Bcex IIpt~t6opoB COCTaBI, IYI 17--39 ~ Pa3amqria gaJiaJIrlCl~ CHCTeMaTH- 
qecxtlMI'I H He TO.IIbKO MeX~)Iy pa3JII~m, IMH TIIHaMI, I BecoB, HO TaK~Ke JIJIg O~IHOi:i I,I TO~ xe  MO~e$l~t 
npI~6opa B pa3JIHqHbIX JIa6opaTopI~sX. HClIOYIB3OBaHI, Ie peKoMeH~yeMI,IX MaTepI, IaJIOB, KaK 06- 
pa3uoB cpaBHeHH~I, IIO3BOJI~IeT yCTaHOBFITIa KoppeBgi~i, ila MeTK~/y iipI~6opaMrl. 
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