
Ilx?rdmk=ea A&q 20 (1977) 1 l-15 
@ Elscvk Scia~tific Publishing Company, Amsterdam - Prinkd in Tk N&aiands 

RESULTS OF A JOINT TRIAL ON THE METHOD OF THE DIFFERENTIAL 
THERMAL ANALYSIS IN THE TEMPERATURE RANGE FROM 25 TO 
1ooo”C* 

G_ KRIEN 
B&-mtitut fZr chemi.s&~cchnidu Unrcrsuchwgcn (B.B.I.C.T.). D-53 Bonn 7 (G-F-R.) 

For settling the question to what degree standardization of differential thermal 
analysis (DTA) is feasible by a joint trial of different laboratories, DTA-measurements 
on temperature-standard-substances have been carried out. The results arc comparable 
with those obtained on identical substances by the International Confederation for 
Thermal Analysis and the National Bureau of Standards. A statistic evaluation of the 
DTA-procedures of the individual laboratories shows that the preponderant number 
of laboratories is achieving data which could be considered to belong to the same 
basic set As 2 common standard deviation of the procedure of differential thermal 
anaiysis in the temperature interval of 25 to looO°C a value of 3.6 K has been 
ascertained_ 

1. ISlRODUCIION 

The labor committee B6b ‘Thermoanalyse” of the “Fachnormenausschuss 
Materialpriifung im Deutschen Normenausschuss (DNA)” intended to clarify 
through a joint trial how far differential thermal analysis (DTA) could be nor- 
malized. There should participate experts from as many as possible branches of 
science and technique on this joint effort, whose problems are to be treated thermo- 
analytically in the temperature range from 25 to IooO”C. 

The test substances have been chosen and supported by similar trials of the 

International Confederation for Thermal Analysis (ICTA) with respect to substances 
showing a first order transition in the temperature range mentioned_ The following 
aspects have been taken into account: 

Prcxntcd at the 2nd Symposium of the German Society for Thermal Analysis held at the University 
of Konscanz from July S-6,1976_ 
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The sAs&nce should dispiay enough chemical stabiBy and ux~dergo ao changes 

on storage. 
The substance should be inert against the materials of the .DTA-mwsnring 

Tire equilibrium change temperature of the crystal change should be known_ 
Other thermal efIects should not take place in the temperature range of the 

crystal transition. 
P&eating of the substances should not be necessary- 

The substances should endure heating in a normal atmosphere witbout showing 
s+zwrldasy~~~ 

The nxwriak should be commercially obtainabfe in high purity. 

These criteria are met by the following chemicals (with few Iimitations): 

KNOI 127-7 
KCiOa 2995 
A-4 430 
iIs% 810 583 

srcot 925 

whose equilI%tium temperatures T, of the transition eKect are a&o indicated. 
An these sub&.anccs have been investigated from 1966 to 1972 by the Committee 

for Standardization of ICTA in cooperation with the National Bureau of Standards 
by a bigger international association of scientists. The evaluation took place outlining 

the extrapolated onset temperature To and the peak temperature T@ which are charac- 
terized more cioseIy in Fig, I _ The resuhs of these round robin have been published’ - 2 

and may be summarized as follows: 
Ihe vaks cstablisfcd With different DTA~~pment show a distinct depend- 

ency of the e$rapoWed onset temIzr&mes aud the peak temperz&ures upon the 
geometry of the sampie holder, The inguence of the position of the ATcouple and 

the caIibration are UndetectabIe. The rate of heating has a minor but signi6cant 



influence on the peak temperature. The extrapolated onset temperahn-es were margin- 
alIy above the equilibrium temperatures. The standard deviations of the m-red 
values were in the order of 5 to 8 IL 

3. UXQX7IONS OF THE COMMOZ+Z TRIAL 

12 scientists placed themselves at the disposzd for the common trial: which wiIf 
be d&cussed in the following; some could not supply measun -ng values; As others 
hwe been carrying out measurements with different equipment a total of 12 measuring 
series couId be evainated- When the evaluation took place details on the measuring 
method, the quantity of the sample, the manner of reference, the weight of the 
reference sample, the sample- and reference receptacIe, their volumes, the atmosphere 
and pressure, the temperature range, the kind of thermmupks, the heating rate, 
the DTA measuring inten& and the paper feed were known_ 

4. EVALUATiOl’4 OF RESULTS 

The evaluation of the results of the working group of the Technical Standard 
Committee was first undertaken in analogy with the intemationaf evafuation. For 

TABLE 1 

KNO3 127.7 5 11 1 128 22 12 0 135 4.6 
16 11 0 130 55 11 0 138 4.6 

KcfOI 29925 
1s 

10 
IO (: 

s-1 
z 7-S 

IO 
8 : 

4.8 
z 35 

AgrsoC 430 5 11 1 423 Cl 11 1 430 5.2 
IO 9 2 425 35 IO 1 434 S-7 

&so4 583 If f 0 578 73 8 0 584 5.8 
1 S81 4.1 6 1 589 3.9 

BaCOa 810 ,a 9 I 55 Y 1 815 5.9 
8 1 53 8 1 821 39 

SrcoI 925 5 8 0 923 6-6 8 0 933 63 
10 7 0 925 6.2 7 0 938 7.2 

xl = +xpiilitimm~n =numbuof nIeamagvaIuestak~into~unt;~=~~~ 
r=saadarddcviatim. 



every substance and every heating rate the. mean value and the standard deviation 
have been zwxrMn& and in addition outkrs b&e be& established witb a statistic 

umfid kwel of 90%. T&e msuits. =abIe 1) correspond with the international 
trials, ix+ standard deviations of up to 7 K have beto found, The mean values of the 
ex~~.+poIated onset temperatures weep: dose to the cquiiibrimn tempcmtwcs. 

From t&s evafnation it becomes evident that the trials come close to the 
internationai trials, but they only give information on the usability of the test sub- 
s&mzs_ As tbe questioning of the working group WSIS nck for ied substances but for 
DTA equipment incIuding their evaluation of restits, statistical evaluations of the 
DTA-procedm of the individual fabomtories have been car&d out further on. 
The evakation of a procdun: is feasible with a model ana&sis~ The principle consists 
in assigning to a czxtain amount of pnzx% vaIues - in the case described here to the 
cquiwium temperaturEs - an equivalent number of measuring vaIues. The devi- 
ations between the given and the measured values form the b&s of the sratisticai 
procedure, 

In comxction with the Wefatwe3 a caluzlatiag program for &is statiskal 
procedure has been deveiopcd c-g the quality of the DTA-method (equip 
ment and valuation) on the strength of the cz&&&d standard deviations*- 

In order to obtain a &Gent number of m casuring data for the statistical 
cvahzation, the measuring results of the triaIs with beating rates of5 and IO K min-’ 
havebcenconsidered beiongingtoa basicset+Tbisis wzssaryasthehigbtempe~n: 
measurements with some DTA-equipment co&d not be carried out, 

Since the onset temperazum come closer to the equilibrium ternwres the 
statistical cakufations have been performed only with T, and not with T,.,- 

1r1 Table 2 the rcsnhs of this evaluation are compiled in such a mer that the 
measuring series performed in the individual labonxtorics are assigned to the cone- 

TABLE2 

I 12 1109 

s Iz” z 
4 6 4.6 
6’ 12 12 34.1 4_0 

7 6 8 6 ii: 
9 8 3.3 

10 12 32 
11 12 4.6 
12 12 27 
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spending standard deviations- On application of the Sartlett-test, it becomes clear 

that the standard deviations of the measuring series 2,9 and 11 a& significantly 
greater than the others_ With these measuring series there are obviously errors which 

couid be expected to be eliminated on a second check of the evaluation procedure. 
The remaining laboratories produced data which may be considered to belong to 

one and the same basic set, The standard deviation of the procedure of differential 

thermaI analysis in the temperature iotervai from 25 to looO°C may thus be con- 
sidexed the best estimated value for the common standard deviation, The numerical 

value of same amounts to 3.6 K in the compass of the Bartlett-test. 
We come to the conclusion that the resuhs obtained are suitable to se-e as a 

basis for standardization operations and to supply essential hints for the work of the 

committee* 

I am oblij@ to Dr. J. Zierath for discussions and assistance in the statisticai evahation 
of the measuring results, 
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