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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Plastics — Determination of the tendency of compounds
and products based on vinyl chloride homopolymers and
copolymers to evolve hydrogen chloride and any other

aci

dic products at elevated temperatures —

Part 3:

Conductometric method

WARNING — The use of this document can involve hazardous materials, opel
equipment. This document does not purport to address all of the safety problems
with(its use. It is the responsibility of the user of this document to establish appropriate safety

and

1

LA

1.1

temp
the f
chlor

1.2
with

It is 4
of he

1.3

ealth practices and determine the applicability of regulatory limitations prior

cope

This document specifies a method for the determination of the thermal stability
erature of compounds and products based on vinyl-chloride homopolymers and coj
llowing text abbreviated as PVC) which undergo dehydrochlorination (the evolution
ide).

This document is applicable to the charagterization of PVC compounds and product
regard to the effectiveness of their heat<stabilizing systems.

pplicable to coloured PVC compounds and products where a discolouration test und
ht may be unsatisfactory.

This document is applicable to compounded PVC materials and products. It can b

to pdlymers in powder form(under appropriate conditions, to be agreed upon between th

parti

This
nots

1.4
prod
wate

ES.

Hocument does et apply to PVC compounds in the form of dry blends, since such mat
fficiently homogeneous.

This document does not apply to PVC compounds and products which evolve other de
icts, in:addition to hydrogen chloride, at elevated temperatures that can affect the co
- when they are absorbed into it. In this case, a method suitable for the determinatio

ations and
associated

[0 uSse.

at elevated
bolymers (in
of hydrogen

s, especially

br the action

e applicable
e interested

brials can be

composition
hductivity of
h of chloride

ion (

[I"Min the absorbing solution shall be used (see ISO 182-4[21

1.5 This document can also be applied to other plastics materials which can evolve hydrogen chloride
or other hydrogen halides when heated under the conditions prescribed by the relevant specifications,

or as

agreed upon between the interested parties.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 565, Test sieves — Metal wire cloth, perforated metal plate and electroformed sheet — Nominal sizes
of openings
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ISO 4793, La

boratory sintered (fritted) filters — Porosity grading, classification and designation

ISO 6353-2, Reagents for chemical analysis — Part 2: Specifications — First series

3 Terms

and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Onli

IEC Elec

3.1
stability tin
tS

time, measu
water, requi
compound

this documepnt

4 Principle

A test porti

stream and
amount of h
of the water.

5 Reage]

During the t

5.1 Pure
volume. The
1 hatarate

The gas sha
dehydrochlg

5.2 Demineralized.water, with a conductivity not higher than 5 uS/cm.

6 Appar

The general

ne browsing platform: available at https://www.iso.org/obp

tropedia: available at https://www.electropedia.org/

e

red by reference to a predetermined change in the conductivity of absorbing deminerd

product is maintained at an elevated temperature under the test-conditions specif

of the PVC compound or product is maintained at anragreed temperature in a nitrogg
the hydrogen chloride evolved is absorbed in a given amount of demineralized wate}
ydrogen chloride evolved is determined in relation to the recorded change in conduc

nts

est, use only reagents of recognized analytical grade in accordance with 1SO 6353-2.

hitrogen, containing less than 6 ppm oxygen and less than 0,1 ppm carbon dioxi
purity shall be such that when the gas is passed through demineralized water (see 5.}
of (7,2 £ 0,1) 1/h, the conductivity of the water remains unchanged.

[1 be dried by passing it through a suitable drying agent, and the flow-rate throug
rination celladjusted by means of a needle valve and measured using a suitable flown

lized

Fed for a certain amount of hydrogen chloride to be evolved when a-prescribed mass of PVC

ed in

n gas
. The
Livity

le by
P) for

h the
neter.

Atu's

arrangement of the apparatus is shown in Figure 1.

6.1 Dehydrochlorination cells.

6.1.1 Glas

s Cell A (re-usable), with shape and dimensions as shown in Figure 2.

A recommended procedure for cleaning the cell is given in Annex A.

6.1.2 Glas

NOTE

s Cell B (disposable), with shape and dimensions as shown in Figure 3.

those obtained with one of the cells described in 6.1.1 and 6.1.2.

Other types of cell can be employed if it has been proved that the results obtained are equivalent to

© IS0 2023 - All rights reserved
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6.2 Test portion holder, for use with cell A. The test portion is supported on a porous sintered-glass
disc grade P 100 specified in ISO 4793, 10 mm in diameter.

To prevent blocking of the porous disc, it is advisable to place a thin, soft layer of glass wool between it
and the test portion.

A recommended procedure for cleaning the disc support is given in Annex A.

2 5 6 /9
10
Key
N, cylinder with pure nitrogen 6 thermometer (resolution 0,1 °C)
flowmeter 7  magnetic stirrer (in case using heatjng oil bath)
heating bath /heating block including temperaturg 8 absorbing solution
controller (resolution 0,1 °C)
4  HVCtest portion 9  measuring electrode(s)
5 dehydrochlorination cell (details see Figive 2 and 3) 10 conductance meter

Figure'l — General arrangement of apparatus

© IS0 2023 - All rights reserved
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40

30
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Dimensions in millimetres

220

130

slass disc, 10 mm diaimeter (removable)

Figure 2 <2.Cell A (re-usable) for dehydrochlorination of PVC samples
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Dimensions in millimetres
P24

oL

140
150

Key

QL

isposable glass

QL

isposable nitrogen inlet tube

spmple

Figure 3 —(Cell B (disposable) for dehydrochlorination of PVC samples

6.3 | Glass connéction tube, for use with cell A, connecting the dehydrochlorination cell to the
meagurement céll-and having dimensions as shown in Figure 4. The connection tube is secyred to cell A
by two springs.fixed to hooks on the ground-glass joints. The tube shall be provided with gn insulating
jackeft.

© IS0 2023 - All rights reserved 5
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350
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Key
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Figure 4 -
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(o
(N
o~
$26 o4
2

— Glass tubes for connecting the dehydrochlorination cell to the measurement
(use for cell A)

ell

6.4 Heating bath (e.g. oil bath)/Heating ‘block (e.g. metal block) including temperature

controller
temperaturg

The bath/bl
have a thery
immersed in

6.5 Thern
the range 17

6.6 Balan

it.

ce, with\aresolution of 1 mg.

6.7 Measqrement cell.

vith a capacity of at least 10 L~Fhe bath / block shall be capable of operating i
range 170 °C to 210 °C and of maintaining the test temperature with an accuracy of +(

pck shall be designed so that the temperature distribution is even throughout, and
hal capacity sufficient t6 avoid temperature change when the dehydrochlorination

hometer, with a-scale suitable for reading the heating bath/heating block temperaty
0 °C to 210 °6and with a resolution of 0,1 °C.

h the
,1 °C.

shall
ell is

re in

In general, the measurement cell is a glass vessel with lid and with the relevant openings for the
measurement electrode and the feed tube and it shall look like in Figure 1. If the diameters of the
measurement electrode and the feed tube for the gases from decomposition of the test portion are
sufficiently small, a 300 ml Erlenmeyer flask is a suitable alternative measurement cell.

A recommended procedure for cleaning the cell is given in Annex A.

6.8 Magnetic stirrer, capable of providing gentle agitation within the measurement cell. Only
necessary in case using an oil bath.

© IS0 2023 - All rights reserved
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6.9 Conductance meter, with a conductivity probe constant of 1,0 cm™! to 1,2 cm™, giving direct
readings in uS/cm, and preferably equipped with an automatic temperature compensating device.

The cell constants should be determined by means of a specified standard solution, e.g. a conductivity
standard of 100 pS/cm, because in general electrodes are not always stable.

NOTE

Graphite electrodes have been shown to operate in a more trouble-free manner th

platinum electrodes.

6.10

Stopclock, or other suitable timing device, if not included in the recorder.

an platinized

6.11
rate v

7 Preparation of test samples

7.1

The 1
as we
porti

Cryo

7.2

Spres
0,5 ]

7.3

Cut d
in ac
porti

7.4

Cut t}

7.5

Sepa

Flowmeter, for example a rotameter, or other suitable device capable of measuring
vithin the range (7,2 + 0,1) 1/h.

General

neasured stability times t, depend to some extent on the surface’area of the prepared {
11 as on their thermal history. Any cutting or grinding of a material necessary to pro
pns shall be conducted in a uniform manner, avoiding heating of the material.

benic grinding is recommended.

PVC plastisols

1d these materials on glass plates and gel thent'in an oven at an agreed temperature s
m thick are formed. Cut these sheets into-squares approximately 2 mm on a side.

PVC pellets, extrudates, mouldings, thick sheet, etc.

r grind these materials so that more than 80 % of the material passes through a
rordance with R 20/3 seriesy'specified in ISO 565, and an amount adequate to pref
pns is retained on a 1,4 min)sieve.

PVC film and sheet

lese materialsdnto squares or cubes having sides no longer than 2 mm.

PVC coatings

fate{thiese materials from the substrate and then treat as in 7.2 or 7.3.

b a gas flow-

est portions
Huce the test

b that sheets

2 mm Ssieve
are the test

7.6

Cable and conductor insulation or sheating

Cut thin slivers of the dimensions indicated in 7.2.

8 Number of tests

Conduct at least two determinations on each sample.

9 Temperatures for dehydrochlorination

The t

est temperatures are preferably:

— 200 °C for unplasticized compounds and products;

©ISO
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200 °C for compounds and products for cable insulation and sheathing;

180 °C to 200 °C for plasticized compounds and products, depending on their stabilization.

10 Test procedure

10.1 Preparation of test portion

When working with Cell A, (2 = 0,01) g of the test sample are weighted in the dehydrochlorination cell
and 180 ml of demineralised water in the measuring cell are used.

When workilng with Cell B, (0,5 + 0,01) g of the test sample are weighted in the dehydrochlorinatie

and 60 ml of

Introduce th
remainder o
appropriate

10.2 Preliminary operations

Heat the he;
through the
5 min to elin

If cell Bisu
necessary b

This temper
50+x01)g

inserted. Thie gas flow is set to (7,2 = 0,1) 1/h and-the cell is inserted into the heating bath or he

block. The {
temperature
determined
heating bloc

10.3 Speci

When using
bath. The en
cell.

10.4 Prepa

demineralised water in the measuring cell are used.

is test portion into the chosen dehydrochlorination cell (6.1) and connect‘the cell
f the apparatus, taking particular care to ensure that all joints are tightly.¢losed and, y
that all ground glass joints are sealed with a suitable stopcock grease.

nting bath/heating block (6.4) to the agreed test temperattire. Start the flow of nitj
dehydrochlorination cell, adjust to a flow-rate of (7,2 + 0;1).1/h and flush the cell for
hinate air. During this period, the dehydrochlorination.cell shall not be heated.

sed, a temperature adjustment shall be made beforehand. This temperature adjustm
bcause the nitrogen stream is not preheated and:€ools the sample accordingly.

hture adjustment compensates for this effect:

of silicone oil is weighed into cell B, thehthe nitrogen tube and the thermometer (6.5

emperature of the heating bath er’heating block is now gradually increased unt
at the thermometer indicates the desired test temperature. The temperature diffe

k to obtain the correct sample temperature.

al precautions when using dehydrochlorination cell A

cell A (6.1.1), allspirals of the preheating tube shall be completely immersed in the he
d of the gas-eutlet tube shall be positioned about 5 mm from the bottom of the measurse

iration of the measurement cell

|n cell

o the
Uhere

ogen
hbout

bnt is

) are
ating
| the
Fence

in this way shall be subtratted from the displayed temperature of the heating bath or

ating
ment

fiad atharurica for tha narticnlay tnctriimant vnead Tntradniecs 190 1] Af daminard
e a—ot e wWise—+ot—ne-—pattticua—haStdhRe i USe aHhrreatce—=ov—iir—or—aehihetr

lized

Unless spec

water as specified in 5.2 if cell A is used, or 60 ml if cell B is used and start the stirrer if one is available
and mixing with the nitrogen flow is not sufficient. Allow the measurement cell to reach thermal

equilibrium

in the range (23 # 2) °C and maintain it at that temperature.

Insert the conductivity probe into the demineralized water to the depth recommended by its
manufacturer.

It may be necessary to conduct the test in a temperature-controlled room. Alternatively, it may be
necessary to surround the measuring cell with a water bath in order to maintain the temperature at
(23 £ 2) °C, or a narrower interval if required by the supplier of the conductance meter.

© IS0 2023 - All rights reserved
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10.5 Decomposition of the test portion

Immerse the dehydrochlorination cell rapidly in the heating bath/heating block and immediately place
the end of the connecting tube into the demineralized water contained in the measurement cell.

Start the stopclock at the moment when the tube is immersed in the demineralized water and continue
the test at least until a change of 50 uS/cm is observed in the conductivity of the water.
11 Expression of results

Record the stability time t_, in minutes, as the time taken to achieve a 50 uS/cm change in conductivity.

12 Test report
The test report shall include at least the following information:
a) greference to this document, including the year of publication, i.e. 1S0.182-3:2023;

b) the nature, form and designation of the PVC compound or producttested;

c) ifappropriate, the PVC compound or product manufacturer’sthame, where sampled and the degree
df comminution of the test portion;

d) tlype of dehydrochlorination cell used (cell A, cell B or other);

e) the test temperature;

f) the st)ability time ¢, in minutes, to the nearest.;6 min (include individual values and the arithmetic
rhean);

g) Jgny deviation from the procedure specified in this document;
h) gny unusual features observed;

)
j)

s

[ required, the curve of conductivity plotted against time;

he date of the test.

[l

13 Precision

13.1| General

In a two-year-period (1989 and 1990), interlaboratory tests were carried out to evaluate the precision
of th¢ méthod described in this document, in comparison with the pH-meter method[l. Three different
PVC ¢dmpounds were tested:

1 Unplasticized PVC compound for pipes;
2 Plasticized PVC compound for cable sheathing;
3 VC/VAC (copolymer of vinyl chloride and vinyl acetate) = compound for phonograph of records.

The tests were conducted by three laboratories (one laboratory twice, in different years):

©1S0 2023 - All rights reserved 9
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A Italyl

A" Ttaly

B ItalyIl
C Belgium
D France

(1989);
(1990);
(1989);
(1989);
(1990).

All samples were supplied by laboratory A (Italy I). All tests were conducted with dehydrochlorination

cell A at 200

°C_ The datashownin Tabhle 1 were gbtained

The results

13.2 Repe;

By applicati
following v

r=6,64

The calculat
of the stand

a‘li

bf an interlaboratory test using a metal block heating bath are shown in Annex C;

itability

n of the statistical method according to ISO 5725-2[3] to the data obtained for sample
ue of the repeatability r was obtained (see Annex B):

ird deviations, the repeatability appears to be of the same order of magnitude.

13.3 Reproducibility

From the sar
R and the ov|

R=r=6
m=78,1
13.4 Comp

From the da

m=78,4

r=3,77

erall mean stability time m were obtained-(see Annex B):

64
2 min
arison with the pH-meter method (ISO 182-2)

Fa shown in the right*hand columns of Table 1, the results of the statistical calculation|

6 min

R=4,15

1, the

ion was not made for samples 2 and 3, owing to insufficient'data. However, by compajrison

he table of results, by the appropriate calculation, the following values for the reproducipility

are:

which is comparable to those values obtained by the conductometric method.

13.5 Factors affecting the stability time

13.5.1 From tests conducted by laboratory C (Belgium), the principal factors affecting the stability
time t, appear to be those described in 13.5.2 and 13.5.3.

13.5.2 The size of the cut or ground particles of the test portion, as pointed out in 7.2.

On test portions of the same sample of unplasticized PVC having different particle sizes, the values
shown in Table 2 were obtained.

10

© IS0 2023 - All rights reserved
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13.5.3 The decomposition temperature.

On two samples each of two different compounds of unplasticized PVC, values shown in Table 3 were
obtained.

© IS0 2023 - All rights reserved 11
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Table 2 — Unplasticized PVC, 6 = 200 °C

Sieve aperture

mm mm

1,05 105
1,45t0 1,05 106
2,01to0 1,45 112
2,92 t0 2,01 122to 131

Table 3 — Unplasticized PVC

ISO 182-3:2023(E)

0 ts

Sample ;
°C min
1 200 108
199,2 117

2 200 75
199,2 84

Results show a At of about 10 min for a A6 of 0,8 °C.

It is yery important, therefore, to maintain the temperature af the heating bath/heating bllock with an

accuracy of at least £0,1 °C as specified in 6.5.

13.6| Conclusions

Undelr the same conditions of decomposition of thié test portion, the measurements obtaingd by the pH-
metef and the conductance meter, if properly calibrated, are equivalent.

© IS0 2023 - All rights reserved
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Annex A
(informative)

Cleaning of the apparatus

A.1 Dehydrochlorination cell A

After remov|
then removd
dichromate

At the end ¢f the treatment, check the cell to ensure that all traces of decomposéd ‘PVC have

removed.

The use of

circumstandes, an appropriate alternative should be used.

A.2 Sinte

Soak the us
then immer}

red glass discs

distilled water and dry in an oven.

Discs which

A.3 Glass

Wash the tul

remain dirty after this treatment should be'discarded.

connecting tube

be with acetone, ethanol or diethyl ether and dry in air.

A.4 Measurement cell

Wash the mg¢

chromic acid/sulfuric acid mixtures is not permitted in certain/laboratories. In

asurement cell with/,chromic acid mixture (see A.1) and rinse it in double-distilled w4

ing the residual charred PVC, soak the cell in a bath of tetrahydrofuran for several I’Jours;
e the cell, dry it and immerse it in a chromic acid mixture (solution of 5 g of'potas
n 11 of concentrated sulfuric acid). Finally, rinse the cell in double-distilled water.

sium

been

such

bd sintered glass discs (see 6.2) in a bath of tetrahydrofuran for six days. Dry them and
e them in chromic acid mixture (see A.1) for an.additional three days. Rinse with dg

uble-

ter.

14
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ISO 182-3:2023(E)

Annex B
(informative)

Calculation of repeatability and reproducibility — Conductometric
and pH-meter methods

B.1

The ¢alculation of r and R was made according to ISO 5725-2, with one sample and|two f

participating laboratory. The results obtained are given in Table B.1.

Table B.1 — Precision of the conductometric method for unplasticized PV(

Calculation of r and R for unplasticized PVC — Conductometric method

ests by each

Wi =Y1 =2

n; = humber of tests

p =1nmumber of participabing laboratories
T, =Py =312,5

T, =P y? = 24422

T; =P w, =45

Unplasticized PVC sample parameters
Laboratory Vi S n; w; y? w?
min
A 76,5 0,5 2 1 5852 1
A 77 1,0 2 2 5929 4
B 79 3,0 2 6 6 241 36
C 80 1,0 2 2 6400 4
p=4 Yy;=312,5 > y2=24422 | |Iw? =45
T
y; =mean value of ¢, in minutes sf _ A5 5,625
2p 8
2 2
s; = §tandard deviation st = P -T St
p(p-1) 2

st =2,666-2,812<0

r= 2,8\/E =6,64
R=r=6,64
m=78,125min

B.2 Calculation of r and R for unplasticized PVC — pH-meter method

The calculation of r and R was made according to ISO 5725-2, with one sample and different numbers of

tests (n > 2) by each participating laboratory. The results obtained are given in Table B.2.

© IS0 2023 - All rights reserved
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