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Foreword

ISO (the International Organization for Standardization) i
federation of national standards bodies (ISO member bodi
of preparing International Standards is normally,earried ou
technical committees. Each member body irterested in
which a technical committee has been established has t
represented on that committee. International organizations,
and non-governmental, in liaison with 1IS@, also take part in
collaborates closely with the International Electrotechnica
(IEC) on all matters of electrotechnical standardization.

Draft International Standards<adepted by the technical cg
circulated to the member bedies for voting. Publication as g
Standard requires approval\by at least 75 % of the member
a vote.

International Standard ISO 2578 was prepared by Technig
ISO/TC 61, Plasties, Sub-Committee SC 6, Ageing, chemic
mental resistance.

This second edition cancels and replaces the

(ISO 2578:1974), of which it constitutes a technical revision.

Annexes A and B form an integral part of this International
nex C is for information only.
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introduction

During the preparation of this International Standard, account was taken
of the contents| of IEC 216. Accordingly, the terms and definitions in this

International Standard, as well as the procedures described, are in line or
identical with those specified in IEC 216.
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INTERNATIONAL STANDARD

ISO

2578:1993(E)

Plastics — Determination of time-temperature limits

after

prolonged exposure to heat

1 Scope

1.1 This |International Standard specifies the princi-
ples and procedures for evaluating the thermal en-
durance pfoperties of plastics exposed to elevated
temperatufe for long periods.

1.2 The term thermal endurance is used here to re-
fer to test$ made in air, excluding any other influence
or stress applied to the test specimens. Thermal en-
durance properties evaluated in different environ-
ments and/or with different stresses applied to the
test specimens require different test procedures.

1.3 In this International Standard, the study ofi-the
thermal apeing of plastics is based solely~or the
change in| certain properties resulting from.a period
of exposufe to elevated temperature. The properties
studied ane always measured after thertemperature
has returned to ambient.

The variods properties of plastics change at various
rates on thermal ageing. To enable comparisons to be
made of the thermal ageing-of different plastics, the
criteria forl judgement depend on the type of property
to be studied and its acceptable limiting value.

1.4 In the application of this standard it is assumed
that a pradtically‘linear relationship exists between the
logarithm pfihe time required to cause the predeter-

cation, the editions indicatéd were valid. All standards
are subject to revisiom;, and parties tp agreements
based on this Intermational Standard afe encouraged
to investigate the, possibility of applying the most re-
cent editions, of)"the standards indjcated below.
Members of 4EC and ISO maintain registers of cur-

rently validytnternational Standards.

ISO 2911977, Plastics — Standard atmospheres for

condjtioning and testing.

|EC 216-1:1990, Guide for the determ

nation of ther-

mal endurance properties of electrical |insulating ma-
terials — Part 1. General guidelings for ageing

procedures and evaluation of test resu

|[EC 216-2:1990, Guide for the determ
mal endurance properties of electrical

ts.

nation of ther-
insulating ma-

terials — Part 2: Choice of the test critgria.

|EC 216-3-1:1990, Guide for the de

termination of

thermal endurance properties of electrical insulating
materials — Part 3: Instructions for calculating thermal

endurance characteristics — Section

1: Calculations

using mean values of normally distributed complete

data.

|IEC 216-3-3:—," Guide for the determfnation of ther-
mal endurance properties of electrical|insulating ma-

terials — Part 3: Instructions for calc
endurance characteristics — Section

Ulating thermal
3: Calculations

mined property change and the reciprocal of the cor-
responding absolute temperature (Arrhenius Law).

For the plastics tested, no transition, in particular a
first-order transition, should occur in the temperature
range under study.

2 Normative references
The following standards contain provisions which,

through reference in this text, constitute provisions
of this International Standard. At the time of publi-

1) To be published. [15B (B.C.) 82]

for incomplete data.

IEC 216-4-1:1990, Guide for the determination of
thermal endurance properties of electrical insulating

materials — Part 4: Ageing ovens
Single-chamber ovens.

|EC 216-6:1990, Guide for the determ

— Section 1:

ination of ther-

mal endurance properties of electrical insulating ma-

terials — Part 5: Guidelines for the
thermal endurance characteristics.

application of


https://standardsiso.com/api/?name=90ae869b472fa93034247310516357e0

ISO 2578:1993(E)

3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 temperature index (TI): Number corresponding
to the temperature, in degrees Celsius, derived from
the thermal endurance relationship at a given time
(normally 20 000 h).

3.2 relative temperature index (RTI): Temperature
index of a test material, obtained at the time which

a mechanical, optical or electrical property) are deter-
mined as a function of time.

The procedure is continued until the relevant thresh-
old value of that characteristic has been reached, re-
sulting in the time to failure at that particular
temperature.

Further specimens are exposed at at least two other
temperatures and the variations in the relevant char-
acteristic determined. It is recommended to heat-age
test specimens at three to four temperatures, and
determine the time to failure for each of the tem-

corresponds to[ The known temperature mdex of a
reference matefial when both materials are subjected
to the same ageing and diagnostic procedures in a
comparative tegt.

3.3 halving interval (HIC): Number corresponding
to the temperature interval, in degrees Celsius, which
expresses the halving of the time to end-point taken
at the temperatjure of the Tl or the RTI.

HIC is a measyre of the slope of the thermal endur-
ance graph. It [s not constant, but varies with tem-
perature ever] when the thermal endurance
relationship is lihear. In many practical cases, the error
arising from thg use of HIC in the temperature range
of interest remgins within acceptable limits.

3.4 thermal endurance graph (Arrhenius graph):
Graph in which the logarithm of time to reach a
specified end-point in a thermal endurance test is
plotted versus [the reciprocal thermodynamic (abso-
lute) test tempgrature.

3.5 threshold|value: Value, corresponding to ‘a. per-
centage of thelinitial value of the property‘under in-
vestigation, at yhich the ageing test is stopped and
the time to failyre is calculated.

NOTES

1 The level of| 50 % is often\used to determine the
threshold value.

2 If a minimum| value is_required after ageing, it may be
agreed between the interested parties to use this minimum
value as the thregsholdwalue, instead of a percentage of the
initial value.

peratures.

4.2 Determination of Tl

The times to failure are plotted’versus the feciprocal
values of the exposure temperatures. The intersection
of this curve with the chesen time limit (in general
20 000 h) gives the temperature index sought.

4.3 Use of correlation coefficient

The religbility of the extrapolation of.the graph de-
pendsion obtaining an acceptable Arrherjius plot,
which may not be possible with materials|showing
behaviour related to a transition phenomenpn in the
cthosen temperature range.

For this purpose the correlation coefficient 1 is calcu-
lated in accordance with annex B. If this chlculation
results in a value smaller than 0,95 (for three test
temperatures; see also |IEC 216), an additiorfal test at
a different test temperature may improve th¢ linearity
of data.

4.4 Determination of RTI

For determination of RTI, the chosen reference plas-
tic, its thermal endurance and the method |of deter-
mination are of central importance.

The reference plastic shall be of the same type as the

3.6 test-specimen failure time: Time required at
the exposure temperature for a specimen to either fail
the proof test or reach the threshold value of the
characteristic under investigation, whichever is
shorter.

4 Principle

4.1 Determination of time to failure

At a chosen temperature, the variations in the nu-
merical value of a chosen characteristic (for example,

testedplastic—ana-have—eahistory-of-satisfactory ser-
vice. It shall have a known temperature index for the
property and a threshold value which are the same,
or at least reasonably similar to, those to be employed
in the RTI test. The Tl and HIC of the reference ma-
terial should also be approximately the same as the
values expected for the tested plastic.

Since processing conditions may significantly affect
the ageing characteristics of some materials, the
sampling, cutting of sheet from the supply roll, cutting
of anisotropic material in the same direction, mould-
ing, curing, preconditioning, etc. shall be performed in
the same manner for both materials, and the speci-
mens shall be tested in the same thickness.
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5 Choice of test

The test chosen shall relate to a characteristic which
is likely to be of significance in practice and, wherever
possible, use shall be made of test methods specified
in International Standards. If the dimensions andjor
form of the test specimens are altered by the heat
treatment, then only test methods which are inde-
pendent of these effects may be used.

6 Choice of end-point

ISO 2578:1993(E)

the relevant test specifications and to reduce this number.
However, it must be recognized that the precision of the
test result depends to a large extent on the number of
specimens tested.

5 In contrast, when the individual results are too scattered,
an increase in the number of specimens may be necessary
in order to obtain satisfactory precision.

6 It is advisable to make an approximate assessment, by
means of preliminary tests, of the number and duration of
the ageing tests required.

For the sjelection of the end-point, two factors shall
be agreed| upon:

a) the period of time for which a time-temperature
limit shall be estimated; for general purposes, a
period [of 20 000 h is recommended;

NOTE 3 [Other times (shorter or longer than 20 000 h)
may be chgsen if necessary.

b) the adceptable threshold value of the chosen
characteristic; this threshold value depends on the
conditipns of use foreseen.

7 Test{specimens

7.1 The|dimensions and method of preparation‘of
the test gpecimens shall be in accordance with-the
specificatipns given for the relevant test method.

7.2 For g criterion requiring a destrictive test, the
minimum [total number (n) of test specimens needed
depends ¢n

— the number a of test spécimens required for one
test, apcording to thestest specifications given for
the relpvant test method;

— the number b of.tests necessary to determine the
end-pdint at.:one exposure temperature;

— the number ¢ of exposure temperatures;

8 Exposure temperatures

8.1 Test specimens shall be expose¢d at not less
than three temperatures, covering a range adequate
to establish the time-temperature limit by extrapo-
lation with the required degree of accdracy. The low-
est exposure temperature shall be chogen so that the
time taken to reach-the threshold value is at least
5 000 h. Similany,~the highest tempefature shall be
chosen so that the time taken to reach the threshold

value is not shorter than 100 h. The lo
temperature shall not be more than 2
anticipated TI.

west exposure
b °C above the

8.2 If the temperature limit sought is| intended for a

time other than 20 000 h (see clause
lowest exposure temperature shall be

6, note 3), the
chosen so that

the time taken to reach the threshold VJalue is at least

one-fourth of the time limit chosen for

extrapolation.

8.3 Selection of adequate exposure temperatures
requires previously determined informnation on the
material under test. If such informatign is not avail-
able, exploratory tests may help in selecting exposure

temperatures which are suitable for
thermal endurance characteristics.

9 Ageing ovens

For heat ageing, ovens shall be used
requirements specified in IEC 216-4, in
respect to the temperature tolerances
rates of air exchange.

evaluating the

that meet the
particular with
and ventilation

— the number d of specimens needed for the initial
test before heat ageing.

Thus the total number of specimens is:
n=abc+d

For a criterion requiring non-destructive testing, and
for each exposure temperature, in most cases a group
of five test specimens is adequate.

NOTES

4 When there is a large number of specimens to be
tested, it may be possible in certain cases tc deviate from

10 Procedure

10.1 In addition to the specimens to

be exposed to

heat-ageing temperatures, an adequate number of
test specimens shall be kept separately as a reserve

— for cases in which the accuracy requires heat
ageing at an additional temperature;

— as reference specimens.

They shall be stored in an appropriately controlled at-
mosphere (see ISO 291).
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10.2 Before the heat-ageing procedure is started,
an initial test shall be made at room temperature with
the required number of specimens conditioned and
tested in accordance with the chosen test method.

Thermosetting materials shall be conditioned for 48 h
at the lowest exposure temperature of the range se-
lected.

NOTE 7  If necessary, thermoplastic materials should be
annealed for 48 h at the lowest exposure temperature of
the range selected.

10.5 Continue this procedure until the numerical
value of the characteristic under investigation reaches
the relevant threshold value.

11 Evaluation of results

11.1 For both destructive and non-destructive tests,
for each exposure temperature and for each heat-
ageing period, the value of the chosen property is
plotted as a function of the logarithm of the time (see
figure 1). The point at which this graph intersects the
horizontal line representing the end-point criterion is

10.3 Place tHe required number of specimens in
each of the oyens maintained at the selected tem-
peratures.

If there is a risk of cross-contamination between test
specimens originating from different plastics, use
separate ovens|for each material.

10.4 At the eénd of each heat-ageing period (see
note 8), the required number of test specimens is re-
moved from the oven and conditioned, if necessary,
under the appfopriately controlled atmosphere (see
ISO 291). The test, in accordance with the selected
test criterion, dhall be carried out at room tempera-
ture.

NOTE 8  After [the first week, during which the number
of determination$ of the characteristic under investigation
can vary dependiphg on the material under test, the test du-
rations are generplly selected in accordance with annex C.

taken as the time to failure.

When applying a proof test, the times-to fajlure shall
be calculated as the mean values.2

11.2 The calculation of the thermal endurance curve
is based on these times tofailures and the respective
exposure temperatures. lf-nean values are used, the
logarithmic mean represents the time to faillure.

11.3 Calculatea ‘first-order regression line in ac-
cordance with@nnex A.

11.4 Plot.the times to failure versus exposure tem-
peratures’on graph paper having a logarithmic time
scaleas the ordinate and an abscissa basgd on the
regiprocal of the absolute temperature but| showing
the' correlated values in degrees Celsius. [The first-
order regression line is drawn through the points
plotted on the graph, which thus represents| the ther-
mal endurance of the material under test. Arl example
is given in figure 2.

2) See IEC 216-1:1990, subclause 11.1.
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Property value in
relative units, %

End-point criterion

50
A
A
Expasure temperatures 190 °C 171°C 149 °C 130 °C
0"—//| T T TV 1 T T 171 ] T T T T T T T T 717 T I T T T [T T T 17
0 20 50 100 200 500 1000 2000 5 00d 10 000
Ageing time, h

Figure 1|— Détermination of the time to reach the end-point at each temperature — Property variation
(According to IEC 216-1)
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Figure 2 — T T — Temperature index — Halving interval {According to I[EC 216-1)
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11.5 Calculate the temperature index (Tl) corre-
sponding to the time limit chosen (generally
20 000 h) and the halving interval (HIC) in accordance
with annex A; calculate the correlation coefficient in
accordance with annex B.

NOTES

9 When the temperature scale is chosen in such a way
that equal intervals correspond to equal intervals of recipro-
cal kelvins, then the various points obtained will be found
to lie on a straight line if a linear dependence exists.

tha tamnaratura ranag vsad 1s comparativels
en
t tOFRperatH e

ISO 2578:1993(E)

12 Determination of the relative
temperature index

The relative temperature index (RTI) is a thermal en-
durance characteristic which is derived from the two
thermal endurance relationships or curves resulting
from the comparative testing of the test material and
the reference material. The RTI is specifically related
to the time corresponding to the Tl originally deter-
mined for the reference material.

The RTI consists of two numbers, one representing

] - P Y the—temperature—derived uo;uy cquat.Oﬂ (1) and the
small, alcu ve can be prepared ushlng an abi(:lssa scale pLO' other the associated HIC. The derivatiopn may be nu-
portional tq the temperature; in this case the curve can be merical or graphical (details are givén in IEC 216-3).
fit to a strajght line only with great circumspection.

In the derivation and in figure3; the following notation
is used:
3 ]
; ] Reference material: TI, 130
.E B B
g
= A
IR avacs
E o
=<
10t 3 \ [RT=T1, (T, - 7]
103 4
4 Test material
i Reference material
0%
10 T T T T
120 %0 160 180 200 220
HIC (A) Temperature, °C
Tg— Ta—
T T T I T
0.25 0,24 0.23 0,22 0,21
YT 02 kY

Figure 3 — Thermal endurance graph — Relative temperature index — Halving interval
(According to IEC 216-1)
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T, original T| of the reference material;

t time corresponding to Tl,;

A point on the test material's thermal endur-
ance relationship or graph from the com-
parative test, having coordinates 8,,z,;

B point on the reference material's thermal
endurance relationship or graph, having co-
ordinates 6g,t,,

HIC, HIC for the reference material at point Tl, of

its origi

graph;

HIC(A) HIC for|the test material at point A,

HIC(B) HIC forthe reference material at point B.

The points A and B may be determined either graph-
ically or numerigally, and the RTI then determined us-

ing equation (1):

RTI =Tlr+6A_BB

When reporting

(M

the RTI, the usual information re-

garding the prgperty, end-point and test specimen

data should be

Supplemented with corresponding in-

formation regarding the reference material.

NOTE 11 The

structions given i

Criteria necessary to carry out the in-
4.4 are under consideration.

13 Test report

The test report

5hall include the following particulars:

f)

9)
h)

k)

all information necessary for complete identifica-

tion of the material tested;
reference to this International Standard;

precise details of the ageing conditions,

if these

are other than the exposure of unstressed speci-

mens to hot air;

chosen characteristic, with reference to the stan-

dard concerning the corresponding test;

istic;

shape, dimensions and method of prepa
the test specimens, with reference{o’the

standard;
conditioning;

type of oven, with detdils of rate and dir
airflow;

times and tendperatures of exposure in 0
if necessary, the curves giving, for each
ture, the- values of the characteristic
againstrtime;
ifvapplicable, a graph of the logarithm of
plotted against temperature, with referen
statistical method used;

the TI, HIC and correlation coefficient.

ration of
relevant

bction of

ens;

empera-

plotted

lifetime
ce to the



https://standardsiso.com/api/?name=90ae869b472fa93034247310516357e0

ISO 2578:1993(E)

Annex A
(normative)

Calculation of the regression line

This annex presents a method for rapid plotting of the
regression line for endurance data. This method may

PXEDYA

be used {or any number of measurements at various a=— 7 (A4
exposure| temperatures. If information about confi- N
dence linfits is required, a more detailed analysis may
be made |in accordance with IEC 216. NZXY—ZXZY
b= ... (AB)

It has begn established that the deterioration of many
plastics npaterials follows the equation:

L=Ae®"T (A
where

L is the thermal endurance; in hours;

T is the absolute temperature, in kelvins;

A B are constants for each plastics material;
e is the base of natural logarithms.

Equation {A.1) may be expressed as a linear function
using logarithms:

| NZXZ-(ZX)Z

where
X (=VYF is the reciprocal of|the test tem-
perature, in kelvins (JC + 273);
N is the number of timps to failure;

Y (=logygl) is the logarithm of the time to fail-
ure.

Having determined the constant a and the slope b of
the regression line, the temperature at any required
lifetime may be calculated as follows:

logyof. = l0g;0A + (log;e)B/T ((A2) Y=a+bX ... (AB)
Let -1 __b
T=%=v-2 (A7)
Temperature at 20 000 h, in degrees Qelsius (Tl)
a = 10g;04 b
x=1 "=Z3010-a " (A8
i
Temperature at 2 000 h, in degrees Cglsius
b = (fogs0e)B P ) 9
Y=q+bX (A3 Temperature at 10 000 h, in degrees Celsius
Thus, dafa_from testing at higher temperatures may _ b — o7 A10
be plotted as log,oL versus 1/T on semilogarithmic = 4,0000-a -+ (A10)

graph paper and a straight line extrapolated to lower
temperatures (see figure A.1). However, since the
nature of logarithmic plots does not allow accurate
extrapolation by drawing the best apparent straight
line through the data points, a more rigorous method
must be used for greater accuracy and uniformity. By
the use of the method of least squares, the constant
a and slope b may be derived in terms of the exper-
imental data obtained. These equations are as fol-
lows:

To simplify the handling of the test data used in
equations (A.4) to (A.10), it is suggested that the
steps be followed as outlined below for a sample
calculation (see tables A.1 and A.2):

a) In the column “°C"” as illustrated in table A.2, list
each temperature at which a set of specimens
was tested.

b) In the second and third columns, list the recipro-
cals (X =1/T) and the squares of the reciprocals
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X = 1/T2) of the above test temperatures, con-
verted to kelvins (see also table A.1).

c) In the fourth column list the time to failure L, in
hours, of each set of specimens, and in the fifth
column list the log,, of the value L in the fourth
column (Y = log,qL).

d) In the sixth column, list the products of X - Y.

e) Carry out summations for columns 2, 3, 5 and 6
and enter the summation (indicated by ) at the

h) Using constants a and b, solve for temperature, in
degrees Celsius, at 20 000 h [equation (A.8)] and
at 2 000 h [equation (A.9)].

i) Plot the above two temperature points from step
h) on log,oL versus 1/T graph paper and draw the
regression line through them.

j) Plot the times to failure L at their respective tem-
peratures on the same graph.

k) Using constants a and b, solve for temperature, in

bottom of the-respeetive-celurmn degress—LCelsius—at10-000-h fequation{A 10)].
f) Indicate the [number N of times to failure on the I) Calculate the HIC, in degrees Celsius;)ad the dif-
worksheet. ference between the temperature. for 20 000 h
and the temperature for 10 000
9) Using the values obtained in steps e) and f), com-
pute b [equption (A.5)] and a [equation(A.4)] in
that order. The constant a will always be negative.
Table A.1 — Qommonly used test temperatures, in degrees Celsius, corresponding values in kelvjns with
their reciprocal and reciprocal squared values (see-table A.2)
9 T X=1T X% =117
°C K K K2
70 343 2,915 4 x 1073 8,499 56 x 107°
85 358 2,793 2 x 1073 7,801 97 x 107°
100 373 2,680 9 x 1073 7,187 22 x 107°
105 378 2,645 50 x 1073 6,998 68 x 107°
125 398 2,612 56 x 1072 6,312 97 x 107°
130 403 2,481 391073 6,157 29 x 107°
140 413 2,421 31 x107° 5,862 73 x 107°
150 423 2:364 07 x 1073 5,688 81 x 107°
165 438 2,283 11 x 1073 5,212 57 x 107°
175 448 2,232 14 x 1073 4,982 46 x 107°
180 453 2,207 51 x 1073 4,873 08 x 107°
185 458 2,183 41 x 1073 4,767 26 x 1078
190 463 2,159 83 x 1072 4,664 85 x 107°
200 473 2,114 16 x 107° 4,469 69 x 1078
220 493 2,028 40 x 1072 4,114 40 x 1078
225 298 2,008 03 x 1072 4,032 19x107°
240 513 94932106~ 3.799-84-—x—+0~2
250 523 1,912 05 x 1073 3,633 92 x 107°
260 533 1,876 17 x 1073 3,620 02 x 107°
280 553 1,808 32 x 1073 3,270 01 x 1078
300 573 1,745 20 x 107° 3,045 73 x 107°
320 593 1,686 34 x 1073 2,843 74 x 107°

10
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Table A.2 — Sample calculation

ISO 2578:1993(E)

1 2 3 4 5 6
Temperature X=1T Xt = 1/T2 L
oC K- K-2 h Y = logoL XY = (log,oL)/T
170 2,257 33 x 1073 5,095 57 x 1078 5 600 3,748 19 8,460 90 x 1073
185 2,18341x107% | 4,767 26 x 107 2 600 3,414 97 7,456 27 x 1073
200 2,11416x10°° | 4,46969 x 10°° 1 500 3,176 09 6,714 77 x 1072
275 2704918 om 4,199 4= +p=8 840 2,806~18 5,750 37 x 1073
3 8,604 08 x 107° | 18,531 66 x 10°° 13,145 43 28|382 31 x 1073
N=4
o NEXY-TXSY _  (4x28,38231 x 107%) - (8,604 08 x 1073 x 13,145 43) % 2906 x 10°
NeXt- (X2 (4% 18,531 66 x 1078 (8,604 08 x 107% x 8,604 08 x 10,30
3 -3
o ZY-PpEX _ 13,145 43 - (4,406 x 10° x 8,604 08 x 10°°) __6.190
N 4
, b oon 4406%10° o
Temperature at 20 000 h, in degrees Celsius = V-7 273 = 2301 0+6190 273 =147 °C
| s = b 97322 4406 x10° __o0n_4gq s
Temperafure at 2 000 h, in degrees Celsius = Y—a 273 < 3301 046,190 273 =191 °C
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Line was drawn through the calculated points:
°Cat20000h
°Cat 2000h
The actual data points were plotted.
(Data are fictitious.)
PO
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Figure A.1 — Plot of regression line based on sample calculation (see table A.2)
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