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INTERNATIONAL STANDARD

1SO 4433-1983

Polyolefin pipes — Resistance to chemical fluids —
Immersion test method — System for preliminary

classification

0 Introduction

Because of their varied applications, polyolefin pipes are fre-
quently required to convey or be in contact with chemical pro-
ducts, fuels, lubricants, etc. and sometimes their vapours.

Under the pction of a liquid, the wall of a polyolefin pipe can be
the locatidn for several concurrent phenomena; on the one
hand, absqrption of liquid and/or extraction of its soluble con-
stituents from the pipe walls into the liquid; on the other hand,
a chemical|reaction usually involving a significant change in the
properties pf the pipe. The phenomena also differ according to
the external and internal stresses affecting the pipes conveying
the produdts (temperature, pressure, wall thickness, etc.).

nal factord such as temperature, variation of temperature, in-
side pressfire, bending, internal stresses, etc. Internal stress
could be faused, for instance, by fast quenching of thick-
walled pipes.

By stresse{ are meant those forces caused by internal or exter-

The extragolation of the results obtained with this-method, to
any kind ¢f pipes, can be made only when streng internal
stresses are not induced in the pipes.

As the cofditions of use vary a great deal/ it is important to
carry out alpreliminary determination.of the chemical resistance
of polyolefin pipes by means of simple, straightforward tests.

The purpose of this Internatienal Standard is to provide :
rocedure;

tandardized system for preliminary classification
relatind to the\behaviour of pipes in relation to the chemical

agents [directly applicable to the transport of fluids in the
absenc ure.

Some fluids may induce environmental stress-cracking
effects.?)

1 Scope and field-of’application

- 1.1 This International Standard specifies |a method to be

used when carrying)out a preliminary evaluation of the behav-
iour of polyolefin pipes in relation to thg chemical fiuids
transported:

1.2_"This standardized method of classification provides infor-
mation on the suitability of pipes for trangporting chemical
fluids in the absence of pressure or stresslses (earth loads,
dynamic stresses, internal stresses, etc.).

1.3 A full procedure for carrying out the tept is also reported
in 1SO 175, devoted to plastics in general, npt in particular to
polyolefin pipes.

2 References

ISO 175, Plastics — Determination of thel action of liquid
chemicals, including water.

ISO 527, Plastics — Determination of tensile| properties.?)

ISO 1516, Paints, varnishes, petroleum and rélated products —
Flash/no flash test — Closed cup equilibriurp method.

If the pipes are to be used under stress, for example for
transporting fluids under pressure, the method only allows in-
compatibilities between the fluid and the material to be
detected; a ‘‘satisfactory’’ or “limited’”’ resuit must be con-
firmed by subsequent tests according to a method under study
in TC 138/SC 3, with the “corrosion factor”” being determined
under stress.

1) For these cases, see 1SO 4600 and 1SO 4652.
2) At present at the stage of draft. (Revision of ISO/R 527-1966.)

3) At present at the stage of draft.

150-3680,Faintsvarnishes,petrofearmrand-rélated products —
Flash/no flash test — Rapid equilibrium method.

ISO 4451, Polyethylene (PE) pipes and fittings — Determina-
tion of reference density of uncoloured and black polyethylene.

IS0 6259, Polyethylene (PE) pipes — Determination of tensile
properties.3
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3 Symbols

The following symbols are used to indicate the behaviour of
pipes in contact with chemical agents :

8" : satisfactory resistance

The pipes can be used for applications where there is no
pressure or other stress; for applications where there is
pressure, the final evaluation shall be on the basis of a subse-
quent test under pressure.

4 Principle of method

4.1 Standardized specimens (of the type used for tensile
tests) are taken from pipes with normal wall thickness and
made from the material to be tested.

4.2 The specimens are completely immersed in the chemical
fluid being tested.

4.3 The immersion periods are standardized and chosen
according to the change in mass of the specimens as a function

L0 limited ||esistance

The pipes can Qe used for applications where there is no
pressure or other|stress, but a certain amount of corrosion can
be accepted; for kpplications where there is pressure, the final
evaluation shall be on the basis of a subsequent test under
pressure.

“NS” : non-sgtisfactory resistance

The pipes are severely attacked : they shall not be used for
either pressure of non-pressure applications; there is no pur-
pose in conductihg tests under pressure as the results would
certainly be unfayourable.

of time.

4.4 The classification is based on the variation|in certain
properties of the specimens in the standardized tnsile test
when they have been immersed in the fluid for thg standard
times.

NOTE — Additional information (s-required when

— the pipes are permeable to the fluids transported

— surface electrostatic charges can present a risk (flujds the flash
point of which isdess;than 55 °C; the flash point can be determined
according to JSO 1516 or ISO 3680);

— the immersion liquid can produce particular effe¢ts, such as
stress cracking phenomena, which this method does fot cover.
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Section one : Test method

b General test conditions

The general test conditions are those described in ISO 175 with
the following more detailed specifications.

5.1 Test liquids

5.2 Test temperatures

Maintain the test liquid by suitable means at one of the
temperatures in the table below.

NOTE — In the case of liquid having a boiling point below a
temperature given in the table, the test must be carried out at the boil-
ing point of the liquid.

5.1.1 WHhen information is required on the behaviour of a
polyolefin| pipe used to transport a specific liquid, this liquid
shall normpally be used.

composition of industrial liquids is not, in general,
constant; whenever possible, therefore, the test

5.3 Specimens

5.3.1 Type of specimen

The shape and dimensions 'of-this test piece are given in
figure 1.

or in mixtlires and as representative as possible of the action of This test piece is half‘the size of test piece type 1 specified in
the produfts in question. 1SO 527.
Table — Test temperatures
Tempera-
ture, °C 23 + 2 60 + 2 80 + 2 100 + 2 120 + 2
Material
HDPE X X X —
LDPE X X — —
PP X X X X
PB X X X —
rensall] -
BN ¢ 2 o
] — -
// — —
- /]
g Z -~
4 \
d —{jauge marks
SUGE AT
(%] - - g
v

Dimensions in millimetres

I3 Overall length, min. : 75
by Width atends: 10 + 0,5
!y Length of narrow parallel portion : 30 + 0,5

b  Width of narrow parallel portion : 5 + 0,5

R Radius, min. : 30

lp Distance between gauge marks : 25 + 0,5
o Initial distance between grips : 60 + 5

d  Thickness (see ISO 6259)

Figure 1 — Test piece
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5.3.2 Number of specimens

The minimum number of specimens to be prepared is 20 for
each test liquid at each temperature..

5.3.3 Obtaining specimens
The pipes used for taking specimens shall :

— have been extruded for at least 3 days [10 d in the case
of polybutylene (PB)];

The immersion test and the tests on the non-immersed
specimens shall not be carried out until the specimens have
been kept under these normal conditions for a minimum of 4 h.

6 Immersion test procedure

6.1 Equipment

See ISO 175.

6.2 Number and intended use of specimens

— conform [to the general specifications for polyolefin
pipes;

—  have a thjckness of 2,2 mm + 0,3 mm.

Test specimens should be obtained in such a way that their axis
is parallel to that pf the pipe and should be taken regularly from
around its circumjference.

For pipes of smar’ size (OD < 50 mm), open the pipe along a
generatrix. For pipes of OD > 50 mm, divide the pipe into two
equal strips, in a¢cordance with ISO 6529.

In relation to tho$e specimens, two procedures can be used :

a) procedurd A : using non-annealed sampies; it provides
information oh the suitability of pipes in non-pressurized
systems.

b} procedurg B : using annealed samples; this procedure
can be used, as a supplementary test, for the characteriza-
tion of the mjaterial. In this case, in order to develop 4
uniform cry;llline structure which is reproducible;-‘the
samples (the gpened pipe or the two sections as described
above) are to|be annealed as follows, in accordance with
1ISO 4451 ;

1) place the samples in an oven at/the.temperature :
— _ for|polypropytene (PP) 150 °C
— for|high density polyethylene (HDPE) : 120 °C

— for|low density jpolyethylene (LDPE) and poly-
butylene (PB).: 100 °C

and maintgin"them at that temperature for 1 h.

For each test liquid, at least 20 specimens should be[prepared :

— one set of at least five specimens to det¢rmine the
initial tensiie properties;

— three sets of at least five specimens which [will be im-
mersed in the liquid to determine the tensile properties after
immersion times £, 1, and-#3as defined in 6.4.

6.3 Steps to be taken before every immdrsion

Before every immersion, measure the width and thickness of
the specimens\in their calibrated section to the nearest
0,02 mm and\mark the specimens clearly to prevent pny confu-
sion.

6.4, Duration of immersion tests

The immersed specimens are removed from the ligyid for ten-
sile tests after three consecutive immersion periods 4, t, and f3
chosen from the following :

7d —14d —-28d —56d — 112d.

The initial time is determined by the appearance of d plateau in
the curve showing the change in mass as a functipn of time
(see clause 7) and shall not exceed 28 d, even if nho plateau
appears in the change in mass diagram before 28 d

6.5 Quantities of liquid to be used

Generally speaking, (i.e., in the case of tubes not fontaining
extractible products or products very prone to attack] the quan-
tity of liquid to be used must be at least 4 ml/cm?2 of total sur-
face of the specimens.

2) allow the samples to cool from the annealing
temperature at a constant rate of 5 K/h.

From the opened pipe or from each of the strips (in the case
of procedure B preferably directly after removing from the
oven), cut out the test specimens using a clean sharp edged
punch free from notches, having the shape illustrated in
figure 1 of 1ISO 62569. Make the cut by applying a uniform
force to the surface of the inside wall of the pipe.

5.3.4 Storage of specimens before immersion test

Store the prepared specimens under normal conditions at
approximately 23 °C and 50 % relative humidity.

4

NOTE — The total area of an 1SO 1/2 specimen 2,2 mm thick is
approx. 15 cm2.

Each sample shali be immersed in a minimum of 60 mi; this
requires 0,9 | for a set of 15 specimens.

6.6 Positioning of specimens

As the specimens are identical, it is allowable to place several
specimens in the same container as long as they do not touch
each other :

— arrange for the surface of the specimen in contact with
the walls of the container to be as small as possible, for
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example by ensuring that one edge is resting on the bottom
of the container and the other on the vertical wall, or by
suspending them;

— according to the circumstances, cover or stopper the
containers and place them in the thermostaticaily-controlled
enclosure. If there is a possibility of light affecting the action
of the liquid, it is recommended to operate either in
darkness or under defined conditions of illumination.

6.7 Replacing the test liquid

ISO 4433-1984 (E)

7.1.5 Re-immerse the specimen in the test
weighing is completed.

7.2 Frequency of measurements

liquid as soon as

The change in mass should be determined on samples selected
after immersion for 24 h, 3, 7, 14, 28 d and ultimately after im-

mersion for 56 d and 112 d.

7.3 Calculation and expression of t
of change in mass

he percentage

During thd test, stir the liquids once a day and replace the liquid
every 7 d.

If the liqlid is unstable (for example sodium hypochlorite),
replace it nore frequently.

6.8 Rinsing and drying of specimens

At the end of the immersion period, bring the specimens to am-
bient temperature, by transferring them into test liquid at the
temperature of the laboratory; this reconditioning may last for
3+1h.

Remove the specimens from the liquid and :

— if the liquid is an acid, a base or an aqueous solution,
rinse thhem rapidly in water and dry them with a filter paper
or a clgth which does not shed fluff;

— if the liquid is a non-volatile organic liquid insoluble-in
water, [rinse the specimens with an inert but volatile'selvent
such a$ petroleum ether or methanol and dry them-rapidly;

— if the liquid is a volatile solvent, dry them rapidly.

7 Determination of the change in mass as a
function of the immersion period

The main|purpose of this determination is to determine the
times aftef which the tensile\tests on immersed specimens are
to be conducted. It is carsied out on one of the three sets of im-
mersed specimens, ®ach element of which must be clearly
marked.

7.1 Propedure

7.3.1 Calculate the percentage increase (or

decrease) in mass

AM for each specimen after immersion [ using the formuia :

my — m

AM = x 100

ny
where
my s the initial mass of the specimen (4

m, is thenass of the specimen after in

7.3.2 Calculate the arithmetic mean of the
the specimens from the same pipe sample
period, of immersion at the same temperatur

efore immersion);

mersion.

results relating to
and for the same
E.

7.4 Graphical expression of the result

After each determination, it is recommended
be recorded in the form of a graph, giving A
the square root of the time, such as that sh

7.5 Application of the results

the results should
M as a function of
bwn in annex A.

The curve showing the variation in mass as p function of time

can have various forms, the most common o
diagrammatically in annex B.

When a curve of type 4 or 7 is obtained (show
plateau, it is possible to identify the time
subsequent change in mass is negligible.

which are shown

n below) having a
1 after which the
The tensile tests

defined in clause 8 are then determined usin? ¢, days as the in-

itial immersion time, which depends on the
and can commence at either 7, 14 or 28 d.

ime to saturation,

7.1.1 Determine the mass m, of each specimen to the nearest
milligram prior to immersion.

7.1.2 Select the test liquid(s} in accordance with 5.1 and the
temperatures in accordance with 5.2.

7.1.3 Immerse the specimens as described in clause 6.

7.1.4 At the end of the chosen immersion period, place each
rinsed and dried specimen in a tared weighing bottle, stopper it
and determine the mass m, of the specimen after immersion to
the nearest milligram. If the liquid used for the test is very
volatile at ambient temperature, the period during which the
specimen is exposed to the atmosphere shall not exceed 30 s.

Figure 2 — Curve No. 4
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AM(%6)d

Set the extension indicator with a distance of 256 + 0,5 mm
between its grips.

Set the speed of testing at 100 + 10 mm/min.
Start the machine.
Note or record the following details :

a) the existence of a yield point causing necking;

Y
3

If the curve obtair

|

Figure 3 — Curve No. 7

ed is one of the alternative types, 1,2, 3, 5or

6, the time ¢, is always 28 d.

8 Determination of changes in tensile

properties

8.1 Apparatl]s
Use a tensile-testjng machine which permits the loads applied

and the correspo
with an extensior

8.2 Conditior

hding elongations, which shall be measured
heter, to be determined.

ing of specimens

The determinatio

of tensile properties is carried out on séts of

at least five spegjmens which have been treated in the same
way; either no immersion in the case of initial properties or im-

mersion in the sa
temperature.

When the imm
temperatures abo)
at23 £ 2°Cint
tensile tests.

e fluid and for the same period at the same

ersion tests have bgen~ carried out at
ve 23 °C, immerse the tést specimens for 3 h
he same test liquid before being submitted to

The specimens jlall be tested not later than 2 h after their

removal from th

kept at 23 + 2 °C.

cold liquid. During this period they shall be

h

b}—the-valug-of-the-load-at-the \,linlrl pninf E_or TYO {where

Y
the suffix o relates to the original value, that iis. pefore im-
mersion);

c) the elongation at the yield point Eyor E o

d) the load at break F,, and thé glongation at hreak Ey, if
there is wide scatter on the yalues of elongation|at yield.

NOTE — The width and thickness”of the specimen in the calibrated
section are to be measured to\an accuracy of 0,02 mm immediately
before immersion (see 6.2).

The above information_can be obtained by means of au omatically-
recorded stress curves or by direct observation.

8.5 Calculation of stresses at yield and at break

For each’specimen, calcuiate the stresses using the following
formulae :

y
g =
v w Xt
and
Fy,
O'b =
w X t
where

g, isthe stress at yield, in newtons per square fillimetre;
oy, is the stress at break, in newtons per square illimetre;
Fy is the load at yield, in newtons;

F,, is the load at break, in newtons;

However, if the I
bient temperature
after the removal

8.3 Speed of

quid-used—forthetestis very votatiteatam-
, the test shall be carried out within 2 to 3 min
of the specimen from the cold liquid.

testing

The speed of testing, that is the velocity of separation of the

grips of the a
100 £ 10 mm/mi

pparatus during measurement, shall be
n, irrespective of the type of polyolefin.

8.4 Procedure

Carry out the test at 23 + 2 °C.

Place the specimen in the grips of the machine.

w s the initial width of specimen, in millimetres;
t is the initial thickness of specimen, in millimetres.

Express the results to three significant figures.

8.6 Calculation of elongations at yield and at
break

For each specimen, calculate the elongations using the follow-
ing formulae :
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L, isthe length of the calibrated section of the specimen
at yield, in millimetres;

Lb - Lo
B L x 100 L, is the initial length of the calibrated section of the
° specimen, in millimetres;
Ly, is the length of the calibrated section of the specimen
is the elongation at yield, expressed as a percentage; at break, in millimetres.
is the elongation at break, expressed as a percentage; Express the results to three significant figures.
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Section two : System for preliminary classification

9 Classification in the general case on basis
of yield strengths

9.1 Principle and validity limits of the general rule

9.1.1 The behaviour of a polyolefin pipe with regard to a
chemical fluid is generally judged according to the changes in
the value of the vield strength brought about by immersion.

responding to the immersion times ¢4, £, and t3, and particularly
those corresponding to time, #; :

S is the satisfactory resistance to the chemical fluid;
L is the limited resistance to the chemical fluid;

NS is the unsatisfactory resistance to the chemical fluid.

However, this classification is only valid if the conditions
prevailing in the particular cases mentioned in clause 10 do not
apply, i.e. only if the following relationships are simultaneously
verified :

~-2% < AM< +10%

E, < 2E,

E, > 2E,
where

E,

y is the elorjgation at yield point after immersion;

E

sion);

is the inifial elongation at yield point (before immer-

E, is the elor|gation at break after immersion.

In this general casr the presence of a yield point {(see ISO 527)
and of a necking are observed.

9.1.2 Classificatipn is then based on the vaiue of the quotient
Q defined by :

gy
Q=—x10
Oyo

L =]

where
a, is the yield stress obtained after immersion;

0,

vo IS the initjal yield stress (before immersion).

9.2 General method of classification

9.2.4 If the tensile properties after time ¢, or ¢, esulf in an NS
classification, the tests shall be discontinued.

10 Classification modified by certain
particular cases

10.1 Classification modlfled in the case of
E, < 2E,

10.1.1 When thedelongations at break after immersion for
period #3 are less'than 0,9 times the initial elongatign at yield
(the yield limit-disappears) the classification is always “NS”
whatever-the intended use of the pipe {(with of without
pressure).: this behaviour is the sign of an irreversiblg¢ chemical
degradation (oxidizing fiuids).

10.1.2 When the elongations at break E}, after #3 immersion
time fail within the range 0,9 to 2 times the initial elopgation at
yield E,, the classification obtained foliowing the general pro-
cedure reported in 9.2.3 is to be modified as follow1:

sure and

a) the classification S becomes L both for pre
pressureless uses;

b} the classification L becomes NS.

10.2 Classification modified by a significant
change in the elongation at yield

When the elongation at yield after immersion for period 73 is
more than twice the initial elongation at yield (E, > 2 E, ), the
classification obtained by the general method merjtioned in
9.2.3 is to be modified as follows :

9.2.1 To examine the change in Q as a function of time, use a
diagram on log-log paper giving Q as a function of ¢, such as
that shown in annex C.

The classification into the different grades (S, L, NS} has been
established conventionally.

9.2.2 For each immersion period #y, ¢, and f3, plot on the
graph the arithmetic mean of the calculated values of Q, as well
as the individual minimum and maximum values (to give a pic-
ture of the spread of the measurements).

9.2.3 Classify the materiai in relation to the chemical fluid ac-
cording to the positions of the three groups of values cor-

8

a) the classification S becomes L for uses without
pressure or NS for uses with pressure;

b) the classification L becomes NS for all uses.
This behaviour is the sign that the material has been softened

by the chemical fluid, which results in too great a reduction in
the mechanical resistance of the pipes.

10.3 Classification modified by a significant
change in mass

When the elongation at yield has not changed greatly after im-
mersion for period 73 (0,9 E,, < E, < 2 E, ;) but either :
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— the detected increase in mass is > 10 %,
— or the detected decrease in mass is > 2 %,

the classification obtained by the general method mentioned in
9.2.3 is modified as follows :

a) the classification S becomes L for uses without
pressure or NS for uses with pressure;

b} the classification L becomes NS for all uses.

ISO 4433-1984 (E)

b) complete identification of the pipe tested (material, mark,
dimensions};

c) identification of the chemical fluid (type, concentration);

d) indication that the specimens have been annealed or not
annealed;

e) immersion temperatures and periods;

f) values of changes in mass and changes in tensile proper-
ties; '

11 Report
The report shall contain the following information :

a) reference to this International Standard;

gl AM (%) = f (/) curve;
h) log Q (%) = f(log ¢} curve;
j) date of test.

A model report is given ifinannex D.
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Annex A
Change in mass-curve

Date: ...t Symbols
Laboratory: ......... ... ..ot O — O 23°C, 120 °C
Material : ...................... A — A 60°C
Chemicalfluid: ..........ccovven.. : O —O 80°C
O — [J 100 °C
AM (%) = @;—’-”—1 x 100
A
+15
+10
°
<]
| 1 {173 264 |37 5,25 748 1058 VF |
N3 |7 14 28 56 12| t (dgys)
-5

10
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Annex B
Change of mass with time of immersion — Types of curves

AM(%) ) AM (%))

—VF /\ F

Curve No. 1 Curve No. 2

AM) |

AM(Yo) | I

Curve No-3 ’ Curve No. 4

AM(%) |
AM(YelA

—F —F

Curve No.5 Curve No. 6

1"
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Annex C
Classification diagram — General case

150

130

100

90 p——

()

60 —

50 S

_ —
40 \\

Q (%)

S —
30 N§
20
10’ 10° 0’ 105(h]
L [ T[] LT IR | 1|
7 % 28 56 M2 . 365 (days)

f.

NOTE — The classifications S, L, NS have been established conventionally (see 9.2.1).

12
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