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Adopted:
OECD GUIDELINE FOR TESTING OF CHEMICALS 12 May 1981

"Screening Test for Thermal Staklity and Stability
in Air"
(AcceleratedStorage Test [CIPAC-Test] - Thermal Analysis
Methods, including differential ther mal analysis [DTA] and
thermogravimetric analysis [TGA])

1. NTRODUCTORY INFORMATION

e Guidance information

— Structural formula

— Vapour pressure curve
— Melting point

— Boiling point

e Qualifying statement

Thetest methodsan beapplied to pure and commercial grade substaifbegadential
effects of impurities on results must bensidered.

e Standard documents

This Test Guideline is based on the

— CIPAC-recommendations (4) for stability testing of pesticides (short tinagstest); and
on
— consensus methods of therraablysis (O'A, TGA).

2. METHOD

A. INTRODUCTION, PURPOSE, SCOFE, RELEVANCE,
APPLICAT ION AND LIMIT S OF TEST

The purpose ofhe nethods is to obtain a prelimary judgerent of the stability of a
substance with respect to heat and airderto provide guidance in the performance of other
tests.

The nethods for deteriming storage stabilitydiscissed in this Test Guideline are
applicable to homogeneous sdhiddliquid sibstancesand to nixtures of these.

Exothermic decomsition praesses can be determinedifferential thermahnalysis
(DTA). In order to determine endothermic effects it must be confirmed that it is a
decompsition and no phaseansition.

Users of this Test Guideline should consult the Preface,
in particular paragraphs 3, 4, 7 and 8.
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The thermogravimetricanalysis (TGA) detemation gives information about
decompsition reactionsnvolving the elinmation of volatiledecompsition prodats.

With a TGA kinetic evalationandextrapdation to lower terperatures may be easier
than with DTA.

e Definitions and units(1.2.3)

— Thernmal analysis (TA): General term describirgnalytical methods in Wich the changes
in the physicaparameters of a substance asration of temperaturare measad.

— Differentialthernal anal\sis(DTA): Measurement of the temperature difference dsertva
sampleandthe reference material as adtion of time or temperature.

— Thernogravinetricanalysis(TGA): Measurement of the weight change of a substance using
an isothermal or anisothermal procedure asation of time or temperature.

— Peak Theterm "peak" describes the upward or downward deviation of the recording curve
from the base line.

Peak tenperatue: Temperature at theeak maximum.

« Reference substances

Suitable reference substances are ureajtrdgs@henol, a-naphthylarme and
naphthalene. These substances need not be emplogikdases whemmvestigating a new
substanceThey are provided primarily so thaalibration ofthe nethod may be performed
from time to time and toffer the chance to compare thiesults ven aniner method is
applied.
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e Principle of the test methods

Accelerated storage test (CIPAC)

A long duration stage instabilitycan be simated byapplying a higher teperature
during a short test. Such a "screening test" is described in the ChHégé@nmendations (4)
for stability testing of pesticides. This test calls for thercbed storage at 54°C to 55°C for
14 days and $isequenanalysis. In simple cases itilhbe enough taetermine a characteristic
property (e.g. melting point) beforandafter storage.

Thermal analysis methods

The sarple andthe standard reference material la@ated up to the final tgrarature
at a constant rate in a defined test aphere, either separately in a TGA or DTA apparatus
or in a combined stemandthe weight change of the sample or thargities of heat abdued
or given off are maswed andecaded. If, in the teperaturerange investigated, peaks are
observed from which a chéral reaction othe sample can be deduced, the theamallysis
should be repeated in the immediate vicinity offhak terperature.

e Quality criteria

Repeatablity

DTA and TGAare well-known ®thods for determing thermal stability othenical
compounds. (SeBection on accacy, below).

Sensitivity

The sensitivity of the mthod is deterimed by the sensitivity of the easurement
apparatus (equipmentpy) andhe test caditions.

Possibility of standardisation
Standardisation of the test conditionstf@rmal analgis is described by McAdie (5).
Possibility of automation

There is some sibility for automation.
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B. DESCRIPTION OF THE TEST PROCEDURES

e Accelerated storage test
(based on CIPAC - Test)

Apparatus

— Oven, thermstatically catrolled
— Sample containers (250-ml beakers, glastdelsp sealable ampoules).

Procedure

Place 20 g of the sample in atttm If the substance is latile place in a sealable
ampoule. Watesatuated air should besad asest atmephere. Seal the sample container
hermeticallyand keep it inthe @en at 55 + 2°C for 14 days. Remdkie sample container
from the oven, cool down to room tpemature,and determine by a suitableethod (e.g.
deternination of melting point) Wwether decomysition or dher chenical transformation has
occurred.

e Differential thermal analysis (DTA) and
differential scanning calorimetry (DSC)

Apparatus

DTA or DSC apparatus of commercially availablpety (Block diagram of DTA
apparatus: Figure 1).

Heat flowand energy copensated sthods may both tagpplied. For viatile substances
an apparatus should be available whatlows neasurements to be performed with closed
sample containers or under elevapeessure.

Test conditions
Sample containers of different kinds may be usee orsealed glass tubesetalpans,
or pressure resistant crucibles. For measuremedeyr wxygen-containing atmosphere only

open samle containers are appropriate.

The test atmosphere is (a) nifeo andb) air. When air issed the sapie is put in an
open pan.
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Figure 1: Block diagram of a DTA apparatus
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An inert reference substance is selected which undergoes no changes in the temperature
region emplogd. Thermal conductivity and heat capacity of the inert referengdessinould
be nearly equal to those of the sample tmbestigated. In many cases alnium axide is a
useful inert shistance.

Procedure
Samples of about 5 to 50 mg are weiglaed closed ithe sample container. The
heating rate should be in the range of 2 to 20 K/min. At first a @dgram (for example see

Figure 2) of the substance at normal pressurecigded.

If a thermal effect (a peak) is found beem room teperature and 150°C, one peeds
as follows:

(@) Whenthe peak is due to an éxermic effect, it is assumed to be a decitm.

(b)  Whenthe peak is due to an endothermic effect, theéeature at hich it occurs should
be compared to the meltingipb of the substance.
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Figure 2: DTA curve
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T : temperature of the reference substance.
AT : temperature difference beten samplandreference substance.

(c) If the peak is due to an etldermic effect which is not related to the melting of the
substance, the DTA should be repeated at a higher pressure (10-50 bar) or in a closed
sample container. If thpeak isshifted to a higher temperature, it comes from a
vapaisation praess.

(d)  If the endothermic effect is due neither to melting nor tonsgimn,repeated heating
cycles are carried out around theak temerature. If thepeak does nopersist a
chenical transformtion has occurred.

e Thermogravimetric analysis (TGA)

Apparatus

TGA Apparatus of common design, e.g. of commercially available alipsing for
heating the substance inand in an inert atmosphere. (Diagrammatic sketch of the apparatus:
Figure 3.)
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Figure 3: Diagrammaticstructure of a TGAapparatus
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Test conditions

Thetest atmosphere is naalty (a) nitragen and (bjir. For testing oxidation stability
air is wed as atmosphere.

Procedure

A sample of about 10 00 mg isheated in (ajitrogen and (b) air, and thesight loss
is recaded. The heatingate should be in the range of 2to 20 K/min. A weight |¢sshndoes
not originate from Matilisation ofthe substance is considered as a deitigo

If a decompsition is dserved at temperaturbslow 150°C the rate of decongibon
can be determined by isothermieasurements.

3. DATA AND REPORTING

e |nterpretation of results

The sibstance is considered to be stable at room temperature if either
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a) in the "Accelerated Storage Test (CIPAC-Test)" the melting point (or another

b)

characteristic pgerty)has remained constant or if the content of original substance as
determined byanalysis has decreased by not more than 5 per cent

or
in DTA or TGA no decomgsition orchenical transformation is found belowl50°C.

Test report

Thetest report should contain the folliogy information:

Accelerated storage test
Type of sample container
Method of deterimation of achenical transformation

Change of a fyical prgerty orpercentage of decongition after 14 days' storage.

Thermal analysis
Type of apparatus employed
Prelimnary treatmentand form ofthe sample
Preciseinformation onreferenceandtest substances

Temperatureange investigated, rate of geenature increase, temperature specifications for
isothermal procedure

Quantity of substance

Compositionand purity ofthe test atngphere

Type of sample container

Changes observed on tineated sample duringndafter testing
Temperature dbeginning chemoal transformtion
Conditionsdeviating from this method

Where pssible, report nature of decorsfiton prodats.
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