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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 1SO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International Standard ISO 182-4 was prepared by Technical Committee
ISO/TC 61, Plastics, Sub-Committee SC 6, Ageing, chemical and environ-
mental resistance.

Together with the three other parts of ISO 182, it cancels and replaces ISO
Recommendation R 182:1970, of which the four parts of ISO 182 consti-
tute a technical revision.

ISO 182 consists of the following parts, under the general title
Plastics — Determination of the tendency of compounds and products
based on vinyl chloride homopolymers and copolymers to evolve hydrogen
chloride and any other acidic products at elevated temperatures:

— Part 1: Congo red method

— Part 2: pH method

— Part 3: Conductometric method
— Part 4: Potentiometric method

Annexes A and B of this part of ISO 182 are for information only.
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INTERNATIONAL STANDARD

ISO 182-4:1993(E)

Plastics — Determination of the tendency of
compounds and products based on vinyl chloride
homopolymers and copolymers to evolve hydrogen
chloride and any other acidic products at elevated

temperatures —

Part 4:
Potentiometric method

WARNING — The use of this part of ISO 182 may involve hazardous materials, operations and
equipment. This part of ISO 182 does not purport to address all of the safety problems associated
with its use. It is the responsibility of the user of this part of ISO 182 to establish appropriate safety
and healith practices and determine the applicability of regulatory limitations prior to use.

1 Scope

1.1 This part of ISO 182 specifies a method for the
determination of the thermal stability at elevated
temperature of compounds and products based on
vinyl chloride homopolymers and copolymers (in the
following text abbreviated as PVC) which undergo
dehydrochlorination (the evolution of hydrogen chlor-
ide).

1.2 The method may be used as a quality control
test during manufacture and conversion of PVC com-
pounds. It may also be used for the characterization
of PVC compounds and products, especially with re-
gard to the effectiveness of their heat-stabilizing sys-
tems.

It is suitable for coloured PVC compounds and prod-
ucts for which a discolouration test under the action
of heat may be unsatisfactory.

1.3 The method is recommended for compounded
PVC materials and products only, although it can be
used for polymers in powder form under appropriate
conditions to be agreed upon between the interested

parties. The method is not recommended for PVC
compounds in the form of dry blends, since such
materials may not be sufficiently homogeneous.

1.4 PVC compounds and products may evolve other
decomposition products in addition to hydrogen
chloride at elevated temperatures. A limited number
of these products, originating from the decomposition
of certain comonomers (such as vinyl esters of or-
ganic acids) or of plasticizers, stabilizers and other
additives, may effect the pH or the conductivity of an
aqueous solution when they are absorbed. Conse-
quently, the results obtained for different products by
the methods described in Parts 2 and 3 of ISO 182
may not be comparable with those obtained using the
method described in the present part of ISO 182.

1.5 This part of ISO 182 specifies a potentiometric
method for the determination of chloride ion (CI7)
concentration (expressed as pCl) in an absorbing sol-
ution, independent of the presence of other ions. The
value pCl is defined as —Ig c¢, where c¢ is the molar
concentration of chioride ions. This method is, there-
fore, particularly recommended for plasticized PVC
compounds and copolymers.
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1.6 This method may also be applled to other plas-
tics materials that can evolve hydrogen chloride when
heated under the conditions prescribed by the rel-
evant specifications, or as agreed upon between the
interested parties.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 182. At the time of publication, the
editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this
part of ISO 182 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of IEC and I1SO
maintain registers of currently valid International
Standards.

ISO 182-2:1990, Plastics — Determination of the
tendency of compounds and products based on viny!
chloride homopolymers and copolymers to evolve hy-
drogen chloride and any other acidic products at el-
evated temperatures — Part 2: pH method.

ISO 182-3:1993, Plastics — Determination of the
tendency of compounds and products based on vinyl
chloride homopolymers and copolymers to evolve hy-
drogen chloride and any other acidic products at el-
evated temperatures — Part 3: Conductometric
method.

ISO 565:1990, Test sieves — Metal wire cloth, per-
forated metal plate and electroformed sheet — Nom-
inal sizes of openings.

ISO 4793:1980, Laboratory sintered (fritted) filters —
Porosity grading, classification and designation.

ISO 5725:1986, Precision of test methods — Deter-
mination of repeatability and reproducibility for a
standard test method by inter-laboratory tests.

ISO 6353-2:1 983, Reagents for chemical analysis —
Part 2: Specifications — First series.

3 Definition

For the purposes of this part of ISO 182, the following
definition applies.

3.1 stabllity time, 7.: Time, measured by reference
to a predetermined change in the pCl of an absorbing
solution, required for a certain amount of hydrogen
chloride to be evolved when a. prescribed mass of
PVC compound or product is maintained at an elev-
ated temperature under the test conditions specified
in this part of ISO 182.

COPYRI GHT 2000 International Organization For
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4 Principle

A test portion of the PVC compound or product is
maintained at an agreed temperature in a nitrogen gas
stream and the hydrogen chloride evolved is absorbed
in a given amount of an appropriate solution. The
amount of hydrogen chloride evolved is determined
potentiometrically in relation to the recorded change
in pCl of the absorbing solution.

5 Reagents

During the test, use only reagents of recognized ana-
lytical grade in accordance with ISO 6353-2.

5.1 Pure nitrogen, containing less than 6 ppm oxy-
gen and less than 0,1 ppm carbon dioxide by volume.
The purity shall be such that when the gas is passed
through the absorbing solution for 1 h at a rate of
7.2 1fh + 0,1 I/h, the conductivity of the water re-
mains unchanged.

The gas shall be dried by passing it through a suitable
drying agent and the flow-rate through the dehydro-
chlorination cell adjusted by means of a needle valve
and measured using a suitable flowmeter.

5.2 Hydrochloric acid,
c(HCI) = 0,01 mol/l.

agueous solution,

5.3 Distilled or demineralized water.

5.4 Potassium nitrate (KNO,), potassium sulfate
(K,SO,) or other salts, for the preparation of the ab-
sorbing solution (see 10.4).

6 Apparatus

The general arrangement of the apparatus, shown in
figure 1, includes a re-usable dehydrochlorination cell
A. This cell may be replaced by a disposable cell B.

6.1 Dehydrochlorination cells.

6.1.1 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.
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6.1.2 Cell B (disposable), with shape and dimen-
sions as shown in figure 3.

NOTE 1  Other types of cell may be employed if it has
been proved that the results obtained are equivalent to
those obtained with one of the cells described in 6.1.1 and
6.1.2.

ISO 182-4:1993(E)

6.2 Test portion holder, for use with cell A. The
test portion is supported on a porous sintered-glass
disc {grade P 100, see ISO 4793), 10 mm in diametsr.

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 ]
s

7 l % 5

1 N2z cytinder

2 Purification train

3 Ball flowmeter

& Electronic temperature controller {scale division 0,1 °C)
5 Temperature sensor

& Heating bath

7 PVC test portion

8 Dehydrochlorination cetl

9 Thermometer (scale division 0,1 °C}
10 Silicone oil

11 Magnetic stirrer

12 Absorbing solution

13 Measuring electrode(s)

14 Potentiometer

15 Recorder

Figure 1 — General arrangement of apparatus
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Dimensions in millimetres
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Figure 2 — Cell A (re-usable) for dehydrochlorination of PVC samples

COPYRI GHT 2000 International Organization For Standardization
I nformati on Handl i ng Servi ces, 2000




COPYRI GHT 2000 International
I nformati on Handl i ng Servi ces, 2000

ISO 182 PTx4 93 WM 4851903 0533397 b7y W

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

A recommended procedure for cleaning the disc sup-
port is given in annex A.

6.3 Glass connection tube, for use with cell A,
having dimensions as shown in figure4. The con-
nection tube is secured to cell A by two springs fixed
to hooks on the ground-glass joints. The tube shall be
provided with an insulating jacket.

6.4 Expansion joints and cell connections, for use
with cell B. Cell B is connected to the apparatus
through flexible polytetrafluoroethylene (PTFE) and
silicone rubber tubes. Special joints allow for thermal
expansion. The complete joint arrangement is shown
in figure 5.

6.5 Oil bath, with a capacity of at least 10 1. The
bath shall be capable of operating in the temperature
range 170 °C to 210 °C and of maintaining the test
temperature with an accuracy of 0,1 °C.

The bath shall be designed in such a way that the
temperature distribution is even throughout, and shall
have a thermal capacity sufficient to avoid tempera-
ture change when the dehydrochlorination cell is im-
mersed in it.

6.6 Thermometer, with a scale suitable for reading
the heating bath temperature in the range 170 °C to
210 °C and with a scale division of 0,1 °C.

6.7 Balance, with a scale division of 1 mg.

ISO 182-4:1993(E)

6.8 Measurement cell

A suitable measurement cell is shown in figure6. If
the diameters of the measurement electrode and the
feed tube for the gases from decomposition of the
test portion are sufficiently small, a 400 ml
Erlenmeyer flask is a suitable alternative measure-
ment cell.

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

6.9 Magnetic stirrer, capable of providing gentle
agitation within the measurement cell.

6.10 Potentiometer, for the determination of the
pCl.

6.10.1 Specific electrode for the CI™ ions, having a
precision of at least 0,01 pCl. The sensitive element
is a silver chloride (AgCl) crystal (see annex B).

6.10.2 Reference electrode on the basis of calomel
{mercurous chloride} (Hg/Hg,Cl,/saturated KCI) or of
mercurous sulfate (Hg/Hg,SO,/saturated K;SO,) or
other, according to the specifications of the supplier
of the specific electrods.

6.10.3 Extension (salt bridge), for the reference
electrode. For the measurement of CI™ ions, a salt
bridge is absolutely necessary if a mercurous chloride
electrode is used.

NOTE 2 Some “combined” specific electrodes are com-
mercially available which also include a reference electrode
(see annex B).

6.10.4 Electronic millivoltmeter.

The apparatus shall be provided with a device for
automatic temperature compensation and equipped
with an output for a recording device.

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

6.12 Flowmeter, for example a rotameter, or other
suitable device capable of measuring a gas flow-rate
within the range 120 cm™/min £ 4 cm™/min.

7 Preparation of test samples

The measured stability times ¢, depend to some ex-
tent on the surface area of the prepared test portions
as well as on their thermal history. Any cutting or
grinding of a material necessary to produce the test
portions shall be conducted in a uniform manner,
avoiding heating of the material.

NOTE 3  Cryogenic grinding is recommended.

Organi zati on For Standardization
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Dimensions in millimetres
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a) Glass tube for use with cell A

@ Int, 2.5

Wall thickness 0,8

b) PTFE tubing for use with cell B

Figure 4 — Tubes for connecting the dehydrochlorination cell to the measurement cell

Dimensions in millimetres
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Figure 5 — Expansion joint for connection on each side of cell B
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Dimensions in millimetres
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Figure 6 — Example of a suitable measurement cell

7.1 PVC plastisols

Spread these materials on glass plates and gel them
in an oven at an agreed temperature and time, so that
sheets 0,5 mm thick are formed. Cut these sheets
into squares approximately 2 mm on a side.

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

Cut or grind these materials so that more than 80 %
of the material passes through a 2 mm sieve
(ISO 565, R 20/3 series) and an amount adequate to
prepare the test portions is retained on a 1,4 mm
siave.

7.3 PVC film and sheet

Cut these materials into squares or cubes having
sides no longer than 2 mm.

7.4 PVC coatings

Separate these materials from the substrate and then
treat as in 7.2 or 7.3.

7.5 Cable and conductor insulation or

sheathing

Cut thin slivers of the dimensions indicated in 7.2.

8 Number of tests

Conduct at ieast two determinations on each sample.

9 Temperatures for dehydrochlorination
The test temperatures are preferably
200 °C for unplasticized compounds and products;

200 °C for electric and fibre-optic insulation and
sheathing materials and products;

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

10 Test procedure

10.1 Preparation of test portion

Weigh, to the nearest 0,01 g, 2 g of the test sample,
prepared in accordance with the appropriate part of
clause 7.

Organi zati on For Standardization
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Introduce this test portion into the chosen dehydro-
chlorination cell (6.1) and connect the cell to the re-
mainder of the apparatus, taking particular care to
ensure that all joints are tightly closed and, where
appropriate, that all ground-glass joints are sealed with
a suitable stopcock grease.

10.2 Preliminary operations

Heat the oil bath (6.5) to the agreed test temperature.
Start the flow of nitrogen through the dehydro-
chlorination cell, adjust to a flow-rate of
120 cm®/min + 4 cm®/min  and flush the cell for
about 5 min to eliminate air. During this period the
dehydrochlorination cell shall not be heated. The ni-
trogen flowing through the cell shall be allowed to
escape to the atmosphere without passing through
th?I absorbing liquid contained in the measurement
cell.

10.3 Special precautions when using
dehydrochlorination cell A

When using cell A {6.1.1) all spirals of the preheating
tube shall be completely immersed in the oil bath. The
end of the gas-outlet tube shall be positioned about
5 mm from the bottom of the measurement cell.

10.4 Preparation of the measurement cell

Prepare an aqueous solution (support electrolyte)
having the ionic strength and the pH as specified by
the supplier of the specific electrode (see examples
in annex B) in relation to the concentration range of
the CI™ ions to be measured.

Introduce 180 ml of the support electrolyte into the
measurement cell and start the stirrer. Allow the cell
to reach thermal equilibrium in the range of
23 °C £+ 2 °C (or in a narrower range if specified by
the supplier of the electrode) and maintain it at that
temperature. :

Introduce the specific electrode (6.10.1) and the ref-
erence electrode (6.10.2) with its salt bridge filled with
the support electrolyte, and connect them to the re-
cording millivoltmeter (6.10.4).

NOTES

4 Some specific electrodes are sensitive to temperature
and also to light. For this reason it is desirable to work under
a constant illumination.

5 To maintain a constant temperature it may be necessary

to surround the measuring cell with a thermostatted water
bath.

10.5 Calibration of the potentiometer

First, calibrate the specific electrode by measuring the
potential (in millivolts) for different known concen-

trations of chloride ion (CI7). The standard solutions
shall have the same ionic strength as the support
electrolyte.

Prepare at least four standard solutions having differ-
ent concentrations of Cl™ ions over the range of pCi
measurement, e.g. 1073 mol/l, 1074 mol/l, 1078 mol/l
and 10~ mol/l. ’

Measure the potentials of the four standard solutions
and plot the graph

E =fg cc)
where
E is the potential, in millivolts;
ca is the amount-of-substance concentration

of CI” ions, in moles per litre, in the sup-
port electrolyte.

NOTES

6 The amount-of-substance concentration of the CI™ ions
corresponding to a pCl of 3,8 according to the equation

pCl = lg ¢
is 1,585 x 10™* mol/l.

7 The potential is really a function of the activity of the
ions, not of their concentration. However this difference is
cancelled if the calibration and the measurement are con-
ducted in dilute solutions having the same ionic strengths.

10.6 Decomposition of the test portion and
measurement of the pCl

Immerse the dehydrochlorination cell rapidly in the oil
bath and immediately place the end of the connecting
tube into the electrolyte contained in the measure-
ment cell. At this moment start the stopclock and/for
the recorder and continue the test at least until the
potential generated corresponds to a pCl value of 3,8.

NOTE 8 It is very important to follow exactly the di-
rections for the use of the specific electrodes and of the
auxiliary equipment.

11 Expression of results

Record the time, in minutes, taken to attain a pCl
value of 3,8 in the measurement cell solution. Record
the average of the values obtained from the two
tests. Report the result as the stability time #, at the
decomposition temperature.

12 Precision

In the year 1990, international round-robin tests were
carried out to evaluate the precision of the method
described in this part of ISO 182 in comparison with
the pH-meter method (ISO 182-2). Three different
PVC compounds were tested:
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PVC-U (unplasticized PVC) compound
for pipes No. 1;

PVC-U compound for pipes No. 2;

VC/VAC (vinyl chloride/viny! acetate
copolymer) compound for
phonograph records.

The tests were conducted by three laboratories:

A italy;
B France;
C Belgium.

All tests were conducted with dehydrochlorination cell
A.

The measurements were made using two different
specific electrodes for the CI™ ions, and compared
with those obtained using a pH-meter. The results
obtained are shown in table 1.

12.1 Repeatability, r

By application of the statistical method of ISO 5725
to the results obtained for samples 1 and 2 (PVC-U),
a value of r = 2,4 for the repeatability was obtained.

The calculation was not made for sample 3, because
insufficient data were available due to problems
caused by melting of the compound; however, at
200 °C the standard deviations appeared to be very
low.

12.2 Reproducibility, R

From the same table of results, by the treatment of
the results obtained by two laboratories on sample 1,

ISO 182-4:1993(E)

the following values for the reproducibility and the
general mean stability time m were obtained:

R=r=24
m = 77,87 min

12.3 Comparison with the pH-meter method
(ISO 182-2)

From the data shown in the right-hand columns of
table 1, the resulits of the statistical calculation are:

m = 78,51 min
r=4,2
R=r=42

These results are in the same range as those obtained
by the pCl method.

12.4 Conclusions
The results obtained in the round-robin confirm that

a) the repeatability of the potentiometric measure-
ments is of the same order of magnitude as that
of the pH and conductometric methods;

b) the reproducibility is also comparable with that of
the pH method, if the calibration of the poten-
tiometric cell has been properly conducted.

The precision may be affected by:

— the decomposition temperature (oil bath tempera-
ture) and the granular size of the sample, ana-
logous to the pH and conductometric methods
(see I1ISO 182-3:1993, 12.4);

Table 1 — Stability times obtained by three laboratories on three PVC samples by the pCl and the pH
methods

pCl method (ISO 182-4)

pH method {ISO 182-2)

Mean
stability
time

Tempera-
ture

°C min

Mean
stability
Electrode time

Standard
deviation

Standard
deviation

min

1-PVC-U

1-PVC-U

2-PVC-U
3-VC/VAC
3VC/VAC
3VC/VAC

Orion
Tacussel
Orion
Orion
Tacussel
Orion

79,56
78,18
88,0
18,44
57
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— the temperature and, in some cases, the illumi-
nation of the measuring cell;

— for unplasticized PVC homopolymer, the stability
times ¢, obtained by the pCl method appear to be
identical to those obtained by the other methods;
in the case of copolymer (VC/VAC), which evolves
other acidic products in addition to hydrogen
chloride, the ¢, values are longer by the poten-
tiometric method (about 15 % at 200 °C and
5,5 % at 180 °C).

13 Test report
The test report shall include the following information:
a) reference to this part of ISO 182;

b) the nature, form and designation of the PVC com-
.pound or product tested;

10

c)

d)

e)
f)

a

h)

if appropriate, the manufacturer's name, where
sampled and the degree of comminution of the
test portion;

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

the test temperature;

type of specific electrode employed;

the stability time £, in minutes, to the nearest
0,5 min {include individual values and the arith-
metic mean);

any deviation from the procedure specified in this
part of ISO 182;

the date of the test.
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Annex A
(informative)

Cleaning of the apparatus

A.1 Dehydrochiorination cell A

After removing the residual charred PVC, soak the cell
in a bath of tetrahydrofuran for several hours, then
remove the cell, dry it and immerse it in a chromic
acid mixture (solution of 5 g of potassium dichromate
in 11 of concentrated sulfuric acid). Finally, rinse the
cell in double-distilled water.

At the end of the treatment, check the cell to ensure
that all traces of decomposed PVC have been re-
moved.

NOTE 9 The use of chromic acid mixtures is not permit-

ted in certain laboratories. In such circumstances, an ap-
propriate alternative should be used.

A.2 Sintered glass discs

Soak the used sintered glass discs (see 6.2) in a bath
of tetrahydrofuran for six days. Dry them and then

immerse them in chromic acid mixture (see A.1) for
an additional three days. Rinse with double-distilied
water and dry in an oven.

Discs which remain dirty after this treatment should
be discarded.

A.3 Glass connecting tube

Wash the tube with acetone, ethanol or diethyl ether
and dry in air.

A.4 Measurement cell

Wash the measurement cell with chromic acid mix-
ture (see A.1) and rinse it in double-distilled water.

11
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Annex B
(informative)

Examples of specific electrodes and their calibration

B.1 Tacussel" electrode
B.1.1 Specific electrode Type XS 200

The sensitive element is a silver chiloride (AgCl) crystal
(see figure B.1).

B.1.2 Reference electrode Type TR 200
Hg/Hg,SO,/saturated K,SO,. Extension (salt bridge)
filled  with potassium nitrate solution, ¢(KNOy)
= 0,1 mol/l, at pH 3.

B.1.3 Support electrolyte

B.1.3.1 Potassium nitrate solution, c(KNOy)
= 0,1 mol/l, adjusted to pH 3 using nitric acid.

B.1.4 Standard calibration solutions

See the example of calibration shown in figure B.2.

B.2 Orion? electrode
B.2.1 Combined electrode No. 9617-00

B.2.2 Reference electrode

A reference electrode is not necessary, as it is in-
cluded in the combined electrode.

B.2.3 Support electrolyte
B.2.3.1 Demmerallzod water,

containing 1 x 1072 mol €I/l to 1 x 10~7 mol CI7/I,
adjusted to pH 5,5 by dissolved carbon dioxide.

B.2.4 Calibration solutions
Calibration solutions are prepared by pro-

gressive addmon of hydrochloric acid solution,
c(HCh = 2,5 x 10”2 mol/l.

Four calibration points are taken:
2,5 x 10™° mol HCl/l;
5 x 1072 mol HCY/I;
1% 10~% mol HCIfl;
2 x 10™% mol HCI/L.

1) Tacussel is the tradename of an electrode supplied by Solea Tacussel, 72, rue d'Alsace, F-69100 Villeurbanne, France.

This information is given for the convenience of users of this part of ISO 182 and does not constitute an endorsement by ISO

of the product named.

2) Orion is the tradename of an electrode supplied by Orion Research Inc., 529 Main St., Boston MA 02129 USA.

This information is given for the convenience of users of this part of ISO 182 and does not constitute an endorsement by ISO

of the product named.

12
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Figure B.1 — Silver chloride-specific electrode
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Electrode specific for Cl- ions

Tacussel Type XS 200

Number 475670

Reference electrode TR 200 (mercurous sulfate); salt bridge filled with 0,1 M1 KNO; ; support electrolyte

0,1 MU KNO; ; pH = 3.

Calibration data
cg M= 1,11E—-03 MV
Col (2) = 1,1ME-04 M1
Cc| (3) = 1,10E—05 M1)
¢g (4) = 10,00E — 07 M)

Slope = —55,41 mV/pCI

1) M = mol/l

-50
- 69
- 88
- 107
=126

- %5

Elmv)

- 164

-183

- 202

- 221

- 240

(PCl = - Ig cg)
pCl (1) = 2,95
pCl (2) = 3,95
pCl (3) = 4,96
pCl (4) = 6,00

E (0) = —350,2 mV

E (1) = —-186,1 mV
E (2) = -133,0 mV
E (3) -81,8 mV
E (4) —56,0 mV

Figure B.2 — Example of calibration curve for chloride ion-specific electrode
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ISO 182-4:1993(E)

UDC 678.743.22:543.257.1:536.42

Descriptors: plastics, homopolymers, copolymers, polyvinyl chloride, tests, thermal tests,
thermal stability, potentiometric methods.

high temperature tests, determination,
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