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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 ASE—alse—take—par—in—the—worc—SO—collaborates—elesely—with—the—tnternational—FEleetrptechnical
Commission (IEC) on all matters of electrotechnical standardization.

International| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft Interngtional Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication gs an International Standard requires approval by at least 75 % of the member bodies casting p vote.
Attention is @irawn to the possibility that some of the elements of this part of ISO 1431-may be the subjecf of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

Internationall Standard ISO 1431-3 was prepared by Technical Committee IS@/TC 45, Rubber and rubbel products,
Subcommittee SC 2, Physical and degradation tests.

ISO 1431 cdnsists of the following parts, under the general title Rubber, vulcanized or thermoplastic — Resistance
to ozone cracking:

— Part 1: btatic strain test

— Part 2: Dynamic strain test

— Part 3: Reference and alternative methods for'determining the ozone concentration in laboratory test ghambers
Annexes A, B and C form a normative part of this part of ISO 1431.

© 1SO 2000 — All rights reserved
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Introduction

A number of techniques exist for the analysis of gaseous ozone/air mixtures used for ozone crack testing of
rubbers. These include wet-chemical procedures, electrochemical cells, UV absorption and chemiluminescence
with ethylene.
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Rubber, vulcanized or thermoplastic — Resistance to ozone
cracking —

Part 3:
Reference and alternative methods for determining the ozone
conceptration in laboratory test chambers

1 Scope

This part jof ISO 1431 describes three types of method for the determination,of.ezone concentration |in laboratory
test champers.

Method Al — UV absorption: this is the reference method, and isyused as the means of calibration for the
alternativgé methods B and C.

Method B|— Instrumental techniques:
B1: elgctrochemical
B2: chemiluminescence

Method C|— Wet-chemical techniques:
Procedure |
Procedure Il

Procedure Il

2 Normative refefences

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part gf 1ISO\1431. For dated references, subsequent amendments to, or revisions of, any of these| publications
do not apply~However, parties to agreements based on this part of ISO 1431 are encouraged to inyestigate the
possibility—of—apptying—the—most—recent—editions—of—the—ormative—documents—indicated—betow—For undated
references, the latest edition of the normative document referred to applies. Members of 1ISO and IEC maintain
registers of currently valid International Standards.

ISO 1431-1:1989, Rubber, vulcanized or thermoplastic — Resistance to ozone cracking — Part 1: Static strain test.

ISO 1431-2:1994, Rubber, vulcanized or thermoplastic — Resistance to ozone cracking — Part 2: Dynamic strain
test.

ISO 13964:1998, Air quality — Determination of ozone in ambient air — Ultraviolet photometric method.

© 1SO 2000 — All rights reserved 1
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3 Principle

An ozone/air mixture is sampled from an ozone exposure chamber and the ozone concentration is determined by
the UV absorption reference method or by alternative instrumental or chemical-analysis methods calibrated against
the UV absorption method.

4  Apparatus

Apparatus used for the determination of the ozone concentration shall be one of the following types:

uv absorlption

Electroch

Chemilun

emical

hinescence

Wet-chernical

The referen
specified in

The appara
capable of

Descriptions
methods).

5 Calibrs
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given in ISO

6 Procec

The UV met

tlause 5.

s used for the UV absorption method shall be in accordance.wwith 1SO 13964, except that
easuring ozone concentrations specified in ISO 1431-1 and -2.

of alternative methods are given in annex B (instrumental methods) and annex C (we

tion

f the apparatus for determining the:0zone concentration shall be in accordance with the p
13964.

lure

hod shall be carried.edt in accordance with ISO 13964.

Other instrumental methads shall be used in accordance with the manufacturer’s instructions, attention

in particular
annex B.

Wet-chemic

to initial setting up, zero adjustment and maintaining and checking the instrument as me

hl methods shall be carried out in accordance with annex C.

e method is UV absorption, and all equipment shall be calibrated against the UV absorption method as

it shall be

-chemical

rocedures

being paid
htioned in

7 Expression of results

Generally, the ozone concentration ¢, is expressed in parts of ozone by volume per hundred million parts of air by

volume (pph

m).

However, the ozone concentration may also be expressed in mg/m3 or in mPa. The expression mg/m3 indicates the
number of ozone molecules in the volume which is available for ozone cracking and depends on both pressure and

temperature

For conversi

on purposes, the following equation is valid:

© 1SO 2000 — All rights reserved
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?0 [mg / m3] =5,78x10 3 x L x ?0.[pPphm]
3 T 3
where p, the atmospheric pressure, is in hPa and T is in K.
In terms of the partial pressure of ozone:

Pos[MPa] = 103p P04 [pphm]

where p, the atmospheric pressure, is in hPa.

At 1013 HPa and 273 K, 1 pphm = 1,01 mPa.

8 Testireport

The test report shall contain the following information:

a) arefgrence to this part of ISO 1431, i.e. ISO 1431-3;

b) the method used, i.e. type of instrument or wet-chemical;

c) the measurement interval if measurement was not continuous;

d) the ofzone concentration or range of concentrations measured, expressed in pphm or mg/m3 orl mPa partial
presqure of O,, corrected if necessary by a calibration facter;

e) the date of the test.

© ISO 2000 — All rights reserved 3
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Annex A
(normative)

The effect of ambient atmospheric pressure on ozone cracking of rubber
The rate of reaction of ozone with rubber, i.e. the cracking rate, is a function of the rate of collision of the ozone

molecules with the rubber surface and is therefore a function of the number of ozone molecules present, all other
factors being-constant

The perfect-pas equation and Dalton’s law permit the partial pressure of ozone pp, to be calculated@s-a function of
the number pf moles of ozone np, in volume V of the ozone/air mixture, measured at temperature .T:

RT
Poz = o3 v
where
Po, is in mPa;
T isin K;
\Y is in m3;
R is the gas constant (R = 8,314 Pa-m3-mol~1.K:1).

NOTE Under standard conditions of temperature (273 K) and pressure (1 atm., 760 torr or 1013 hPa), 1 pphm 51,01 mPa.

It can be dgmonstrated that, for the same ozone content, by volume, of the ozonized air, measured at|the same
temperature|but at different atmospheric pressures,the partial pressure of ozone and the number of moles of ozone
vary in the same ratio as the atmospheric pressufre.

The results|of an interlaboratory test(programme conducted in North Americal3l prove the effect of ambient
pressure onjthe cracking rate at a constant volumetric ozone content.

Therefore, the expression of the-0zone concentration in laboratory test chambers on a volume per volune basis is
inappropriat¢ where differencesiin atmospheric pressure are likely to exist.

The effect of these variations can be corrected for by working at a constant test chamber pressure or by varying the
volumetric ogzone content of the ozone/air mixture in an inverse ratio to the atmospheric pressure. The effect can
also be overpome by expressing the ozone concentration as the partial pressure of the ozone in ozonized pir.

4 © 1SO 2000 — All rights reserved
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Annex B
(normative)

Alternative instrumental methods

B.1 Electrochemical method

B.1.1 Pr

Ozonized
and havin

The ozon
the anoddg
resultant
emf and G
The stoick

O3+
At the cat
At the and

By Faradg

Ogﬁ

B.1.2 Ag

The analy
commerci

The cathg
form of or]

a) apod

nciple

air is bubbled at a fixed rate through a coulometric cell containing a buffered solution, of pota
p a platinum cathode and a silver (preferred) or mercury anode.

b reacts with the potassium iodide to liberate free iodine which is ionized at the cathode ang
to produce silver or mercury iodide. Two units of charge are produced.for)each ozone mole
Current is proportional to the ozone concentration. The net emf of the ‘€ell is cancelled by an

orrections made for ambient temperature and pressure (see referenee-[1]).
iometry is:
PKI + H,0 — 2KOH + O, + 1,
hode: |, + 2e — 21~
de: 21~ — 2e + 2Hg — Hg,l,
ly's Law:
2= —> 2e —» 2 x 96500 coulombs
paratus
ser shall include a coulometric cell of the general type shown in Figure B.1. Standard models

ally.

de is in the form of a platinum basket through which the ozonized air is bubbled. The anode
e of the following, although (b) is the preferred type:

| of mereury;

ssium iodide

removed at
cule and the
applied back

are available

can take the

b) asily

b’ mesh spiral.

The iodine liberated from the solution by the ozone is ionized at the cathode and is transported to the anode by the
liquid circulation induced in the direction of the arrows by the bubbling action. At the anode, insoluble silver iodide or
mercurous iodide is formed with the release of ionic charges which are exactly equivalent to the ozone introduced by
the air stream.

The cell s

hall be connected to an analyser circuit of the general type shown in Figure B.2.

A stabilized d.c. voltage source is provided as a means of opposing the standard potential which appears at the cell
terminals when ozone-free air is passed through the cell. This standard potential will depend on the anode material.

© ISO 2000
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B.1.3 Reagents

Prepare a buffered solution of potassium iodide as follows:

Weigh out the following analytical-reagent quality chemicals and dissolve in 1 litre of chloride-free and sulfate-free
distilled water:

Potassium iodide (KI) 150 g
Sodium monohydrogen phosphate (Na,HPO,) 1,50 g
Potassifim dihydrogen phosphate (KH,PO,) 1,409

This should give a solution buffered at pH 6,5 to pH 6,8.

B.1.4 Cell galibration

Assuming a|gas flow rate of 150 cm3/min measured at STP and an ozone content of 100 pphm, the dize of the
current is:

100x 1078 x 150 x 2 x 96,500 x 10°

=21,55 uA
22,400 % 60

Thus, in the| typical circuit shown in Figure B.2, the analyser can be:galibrated directly by relating cell |current to
ozone concgntration.

B.2 Chenliluminescence

In chemilumjnescence instruments, ozonized air is passed through a chamber where it comes into contact with a
stream of ethylene, and the two gases undergo a chémiluminescence reaction with the emission of photons at about
430 nm. This emission of energy is measured.by~a photomultiplier and converted to an electrical outpyt which is
proportional to the ozone concentration.

6 © 1SO 2000 — All rights reserved
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Annex C
(normative)

Wet-chemical methods

C.1 General theory

C.11 The
O3 + 2K

The addition
between the

I, + 2Ng
Thus one O
C.1.2 Thrg

C.1.21
excess Na,
standardized

C.1.22

electrodes ¢
added to theg
this point, th
is easily dete

C.1.23
electrometri

C.2 Proce

C.2.1 Reagents

C.211 BU

absorption of ozone in an buffered neutral aqueous Kl solution yields free iodine by oxidation:

| + HyO — 2KOH + O, + I,

free iodine and the thiosulfate:

28203 d Na28406 + 2Nal

is equivalent to 2Na,S,03.

e alternative procedures are available, I, Il and Ill, any of which'may be used.
Procedure | is the well established technique by which“O5 is absorbed in a buffered KI so
5,03, for a fixed length of time, followed by titratiop.of the excess Na,S,0; in the usual W
I, solution to an electrometric end-point.
Procedure Il is a modification of procedure-d\and uses a recorder to monitor the voltage &
f an electrometric end-point detection device. A smaller quantity (more dilute solution) of N
buffered Kl solution and the absorptioniprocess is continued until the Na,S,05 is totally con
e voltage abruptly rises. From the chart record the total elapsed time for the completion of th

rmined, and this is used to calculate’'the ozone concentration.

Procedure Il is a further vafriant using a constant-current electrolysis apparatus in conjunctio
end-point detector.

dure |

fferéd{potassium iodide solution

of sodium thiosulfate solution to the Kl solution prior to the absorption causeSan immediate reaction

ution with
ay with a

\Icross the
8,S,05 is
sumed. At
e reaction

n with the

A solution of

KT'in'a 0,1 mol/T phosphate buffer IS used. This IS prepared by dissolving In 1 Titre of distilled water:

17,8 g of crystalline disodium hydrogen phosphate dihydrate (Na,HPO,-2H,0) or the corresponding amount of

another

hydrate of disodium hydrogen phosphate;

13,6 g of potassium dihydrogen phosphate (KH,PO,);

30 g £ 2 g of potassium iodide (KI).

This solution shall have a pH of 6,8. Before using it, check for free iodine. For this purpose, take 10 ml of the
solution and determine that no colour change occurs when a few drops of 2 mol/l HCI are added together with 0,5 ml
of starch paste. Keep the prepared solution in a stoppered brown bottle in a cool place, away from light.

© 1SO 2000 — All rights reserved
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Sodium thiosulfate solution,  c(Na,S,03) = 0,1 mol/l

This solution can be easily prepared by using a commercially available standard solution (e.g. Titrisol®, Merck).
Store this solution away from light in a cool place. Under these conditions the titre will remain stable for 6 months.

C.213

Sodium thiosulfate solution, c¢c(Na,S,03) = 0,002 mol/l

Prepare this solution freshly on the day of analysis from the 0,1 mol/l solution by appropriate dilution with distilled
water. For example, pipette 5 ml of the 0,1 mol/l solution into a 250 ml volumetric flask and make up to the mark with
freshly boiled distilled water.

C214

This solut
Store this

C.215

lodine solution, c(¥2l,) = 0,1 mol/l

ion can be easily prepared by using a commercially available standard solution (e.g, Titrig
solution away from light in a cool place. Under these conditions, the titre will remain stable for

lodine solution, c(%zl,) = 0,002 mol/l

Prepare flom solution C.2.1.4 in the same way as C.2.1.3.

C.2.2 Af
c.221

C221.1
C221.2
C.2.21.3

C.222

paratus

Equipment for preparation of reagents
250 ml and 1000 ml volumetric flasks.
5 ml pipette.
Balance, accurate to 5 mg.

Ozone-absorption apparatus

Material if contact with the ozonized air.shall not noticeably absorb ozone. All glass equipment shall b¢

the ozonég
at least 4
ozone.

C2221

CAUTION

C.2222

for some hours before use., Connection tubes shall be as short as possible and shall have &
mm. Connection tubes which cannot be avoided shall have the smallest possible contact 4§

Two 100 mlglass gas-absorption bottles,  connected up as shown in Figure C.1.

— Do notwuse bottles with a sintered-glass bubbler, since this interferes with the determinatic

Flow meter, accurate to 1 %.

ol®, Merck).
6 months.

e exposed to
diameter of
Irea with the

C.2223

Thermometer, graduated at intervals of 0,5 °C.

C.2.2.3 Titration equipment

C.2231

C.2232

C.2.233

C.2234

© ISO 2000

100 ml measuring flask.
2 ml pipette.
2 ml burette, accurate to 0,005 ml.

250 ml beaker.
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C.2235

C.2.2.4 End-point detection circuit

C2241

Two platinum electrodes,

100 ml measuring cylinder.

(see Figure C.2)

2,5 mm in diameter and 25 mm long, mounted in glass tubes with electrical

connections provided. Instead of two separate electrodes, a pair of electrodes mounted together a short distance
apart (double electrode) can be used. In the latter case, the diameter of each electrode shall be 1 mm and the
length 6 mm. At the end of each shall be a ball 1,5 mm in diameter. The distance between the balls shall be
0,7 mm. When the double electrode with its smaller surface is used, the sensitivity of the micro-ammeter used shall
be increased by a factor of at least 10.

C.224.2

C.2.2.43
other a fixed

C.2.2.4.4
C.2.3 Proc

C.231 02

Aspirate a s
containing a|
solution. Thg
10 min. Rec

C.2.3.2 Tifration

Transfer the
0,002 mol/l i

C.2.33 En

A low potential difference is maintained between the two electrodes immersed in the buffered solution of

iodide conta
through the
all the sodiu
The end-poi

C.2.3.4 Blank test

Run a blank
bottles.

Micro-ammeter , range 0 to 20 pA.

Two resistances, wired in series, one a variable resistance which can be increased to 1 (
resistance of 30000 Q.

1,5 V cell.
edure

one absorption

becified volume of the air-ozone mixture through the two absorption bottles connected in se
bout 100 ml of buffered potassium iodide solution and exactly 2,00 ml of 0,002 mol/l sodium
gas throughput rate shall be between 1 I/min and 3 I/mih and gas shall be passed through f
brd the time to £1 s.

pbdine solution using the end-point indigation method described in C.2.3.3.

d-point indication

ning an excess of sodiunT thiosulfate. The electrodes are polarized and a very small curre
hmmeter. At the exact-moment when the added iodine no longer reacts, corresponding to mon
M thiosulfate solutioh has been consumed, the cathode depolarizes and a much larger curre
ht is thus indicated by a sharp deflection of the ammeter needle from its lowest point.

test.in exactly the same way as in C.2.3.1 to C.2.3.3, but passing ordinary air through the

00 Q, the

ries, each
hiosulfate
pr at least

solution from the two absorption bottles-to a beaker. Titrate the excess sodium thiosulfate with a

potassium
nt passes
hent when
nt passes.

hbsorption

C.2.4 Expr

ession of results

Calculate the ozone concentration g4 in pphm (parts by volume of ozone per 108 parts by volume of air), using the
following equation:

5

x10% x (W, -\ )xcx Rx T
(V6 -\a) o

¢)03 -

where

&

10

px Fxt

is the volume of iodine solution used in the blank test, in ml;

© 1SO 2000 — All rig
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V,

5 is the volume of iodine solution used in the actual determination, in ml;

c is the concentration of the iodine solution, in mol/l;

T is the temperature of the air/ozone stream, in K;

p s the pressure at the input of the flow meter, in hPa;
F isthe flow rate, in I/min;

t is the length of time the ozone-air stream was passed through the absorption bottles, in min;

R ip the gas constant (8,315 Pa-m3-mol~1.K-1).

C.3 Procedure Il
C.3.1 Prgparation of reagents

C.3.1.1 [Buffered potassium iodide solution

This solutjon is identical to that specified in C.2.1.1.

C.3.1.2 |[Standardized sodium thiosulfate solutions

These solutions shall be prepared freshly on the day of analysis‘from the 0,1 mol/l solution specified in|C.2.1.2. The
concentration needed depends on the ozone concentration, The following concentrations are suitable:

0,00Q 1 mol/l for 25 pphm ozone
0,00Q 2 mol/l for 50 pphm ozone
0,00Q 5 mol/l for 100 pphm ozone
0,001 mol/l for 200 pphm ozone

The dilutign with distilled water ¢an be carried out in one or two steps by using pipettes and standard flagks.

2

C.3.2 Apparatus

C.3.2.1 [Equipment for preparation of reagents

For genergl requitements, see C.2.2.1.

(&) h ti t
C.3.22 ZoRe-absorption-apparatus

Tereor

For general requirements, see C.2.2.2.

The apparatus is illustrated schematically in Figure C.3. The absorption flask is shown in more detail in Figure C.4. If
a flask of this kind is not available, a 250 ml three-neck flask is also suitable. The absorption flask is placed on a
magnetic stirrer. A pair of platinum electrodes or a double electrode is inserted into the flask and connected to a

chart recorder which is set to give a full-scale deflection of 50 mV or 100 mV. The chart speed shall be checked with
a stopwatch.

C.3.3 Procedure

C.3.3.1 Using the by-pass, adjust the ozone/air flow rate to 1 I/min.
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C.3.3.2 Introduce about 60 ml of buffered Kl solution and, with a pipette, exactly 5 ml of the standardized
Na,S,05 solution into the flask. Begin vigorous stirring and start the recorder at a chart speed of preferably
10 mm/min.

C.3.3.3 Switch the gas stream to the absorption flask and simultaneously mark that point on the recorder chart (or
start a stopwatch and mark later).

C.3.3.4 Adjust the flow rate if needed, and allow the absorption to continue until the baseline mV signal on the
chart shows an abrupt increase. Measure the elapsed time either using the stopwatch or from the chart trace. In the
latter case, take as the end point the point of intersection of the baseline with the steadily increasing line after the
end point.

C.335 If Jmalytical-grade reagents are used and they are stored away from light in a cool location,(a,blank run is
not needed.

C.3.4 Expression of results

Calculate the ozone concentration go, as follows:

VXCex Rx T
=qx10° ~ 22 "
0, px Fxt

pphm
where
V s the volume of Na,S,05 solution used, in ml;
c isthe concentration of the Na,S,04 solution, in mol/l;
T is the temperature of the ozonized air, in K;
F s the flow rate of the ozonized air, in I/min;
t isthe elapsed time, in min;

p s the pressure at input of the flow~meter, in hPa;

R s the gas constant (8,315 Pa-m3-mol-1.K-1),

C.4 Procgdure llI
C.4.1 Preparation @f reagents

C.4.1.1 BuJffered‘potassium iodide solution

This solution is similar to that specified in C.2.1.1. Prepare it by mixing 0,1 mol/l sodium dihydrogen phosphate
solution and 0,1 mol/l potassium phosphate monobasic solution in the ratio 3:2 by volume and dissolving in it
sufficient potassium iodide to give a concentration between 10 % and 20 %.

C.4.1.2 Standardized sodium thiosulfate solution

Prepare an approximately 0,1 mol/l sodium thiosulfate solution, transfer a suitable quantity to a volumetric flask and
dilute 10 times to give a concentration of about 0,01 mol/l. Standardize this solution by a suitable method.

NOTE Solutions of known concentration can be obtained commercially (see C.2.1.2).
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C.4.1.3 Absorption solution

To 300 ml of the solution prepared in C.4.1.1 add 2 ml of the sodium thiosulfate solution prepared in C.4.1.2.
C.4.2 Apparatus

C.4.2.1 Equipment for preparation of reagents

For general requirements, see C.2.2.1.

C.4.2.2 Ozonemabsorptiomapparatus

The apparatus is illustrated in Figure C.5. Preferably use apparatus made of coloured glass..Pack it with glass
beads of gliameter 3 mm to 4 mm.

C.4.2.3 |End-point detector

An examle of a suitable circuit is shown in Figure C.6.

C.4.2.4 [Electrolysis equipment

An examf]le of a suitable circuit is shown in Figure C.6.
C.4.2.5 |Other equipment

C.4.251| Stopwatch.

C.4.252| Flow meter, size 5 ml.

C.4.25.3| Pipettes, capacity 5 ml and 2 ml respectively.
C.4.25.4| Electric stirrer.

C.4.3 Prpcedure

C.43.1 Pipette 7 ml of the-absorption solution into the absorption apparatus.

C.4.32 Connect the‘ozonized-air supply to the inlet of the apparatus and the flow meter to the outlgt.

C.4.3.3 Pass abaqut 5 litres of the ozonized air through the apparatus at about 2 I/min.

C.4.34 W hen this operation is complete, remove the inlet tube and stop the pump. Then open the|stopcock, at

the same|time pouring 100 ml of water into the upper end of the apparatus to flush the absorption sq)lution into a
250 ml beaker:

C.4.35 Introduce the platinum electrodes of the end-point detector and those of the electrolysis equipment into
the absorption solution (see Figure C.6) and apply about 0,15 V to the electrodes of the end-point detector. Confirm
that the ammeter reads zero. Switch on the electrolysis equipment, and pass a current of 200 pA between the
electrodes whilst stirring the solution at a constant rate. Start the stopwatch at the same time as the electrolysis is
started.

C.4.3.6 When the ammeter of the end-point detector indicates 0,3 pA, stop the stopwatch, switch off the
electrolysis equipment and read off the time t; required for electrolysis.

C.4.3.7 Carry out a blank run by repeating the electrolysis using 7 ml of absorption solution (C.4.1.3), to which
100 ml of water has been added, in a clean beaker. Measure the time t; required for the blank.
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C.4.4 Expression of results

Calculate the ozone concentration gog by volume in the ozone/air mixture from the following equations:

14

¢03 -

200x11,2x760x% (tg —t;)x T x107°

C129%(tg —tg)x T

96,500x273x5x p

pphm

is the time taken for electrolysis of the test solution, in seconds;

is the time taken for electrolysis of the blank solution, in seconds;

is €
me

ist

er during the actual determination and the pressure during the blank run);

he temperature of the solution, in K.

qual to 760 — Ap in mmHg (where Ap is the difference between the pressure at\the input of the flow
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Dimensions in millimetres
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Figure C.1 — Ozone-absorption apparatus
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Figure C.2 — Eléctrometric end-point detection circuit
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