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Rubber threads — Methods of test

1 Scope and field of application

This International Standard specifies methods of test for deter-
mining certain physical and mechanical properties of rubber
threads. Owing to the comparatively small cross-section and
the unusual conditions of service of this material, certain
special methods have been developed.

Some of the tests included in this International Standard may
not be entirely suitable for thread made from certain synthetic
rubbers, for example urethane rubber, these tests being inten-
ded for natural or synthetic polyisoprene rubbers.

It is pointed out that comparisons mayjonly be made, on new
rubber threads or on those with identical processing histories.
In the interpretation of results from threads whichshavesbheen
subjected to spooling, fabrication or any other process, it must
be borne in mind that the previous history is important, and
what is known of this and of any relaxation treatments used
shall be stated in the test reparti

2 References

ISO 37, Rubber, vulcanized — Determination of tensile stress-
Strain properties.
ISO 105, Textiles — Tests for colour fastness

A02, Grey scale for assessing change in colour.

AO03, Grey scale for assessing staining.

ISO 188, Rubber, vulcanized — Accelerated ageing or heat-
resistance tests.

ISO 471, Rubber — Standard temperatures, humidities and
times for the conditioning and testing of test pieces.

ISO 648, Laboratory glassware — One-mark pipettes.

1SO 1042, Laboratory glassware — One-mark volumetric flasks.

3 Conditioning of samples or test pieces

The samples or test pieces shall be kept in a relaxed state in the
dark in one of the standard atmospheres described in ISO 471,
for not less than 16 h before testing. The tests shall be carried
out under similar atmospheric conditions. The test piece
selected shall be clean, dry and free from any visual defects.

Samples or test pieces shall not be allowed to come into con-
tact with copper or manganese or their compounds during con-
ditioning or testing.

4 Count

4.1 Sectional count

The sectional count of a rubber thread is given by the value of
its cross-sectional area, expressed in square millimetres,
multiplied by 1-000:

NOTE — The sectional count corresponds to the tex count for a
nominal density of 1 Mg/m3 (= 1 g/cm3). The use of the sectional
count is recommended.

4.2'"Conventional ‘count (size number)

4.2.1 The conventional count of a rubber thread is the
number of threads which, when placed side by side, measure
25,4 mm.

The conventional count of a round thread is calculated by
dividing 25,4 by the diameter, in millimetres, of the thread.

The conventional count of a square thread is calculated by
dividing 25,4 by the length, in millimetres, of one of the sides of
the thread.

The conventional count of a rectangular thread is generally
quoted as the count of a square thread of equivalent cross-
sectional area.

Thus, in the case of a round thread, the number 100 is the con-
ventional count of a thread having its diameter equal to
0,254 mm; in the case of a square thread, the number 40 is the
conventional count of a thread having its sides equal to
0,635 mm.

4.2.2 It is customary to quote the conventional count of a
round thread, followed by the whole even number which is
nearest to the actual conventional count of the square thread of
equivalent cross-sectional area (count of round thread x 1,13
= actual count of square thread); for example a round thread
of count 50 is indicated as 50/56.
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4.2.3 The conventiona!l count of a multi-filament round thread
is expressed by stating successively the number of com-
ponents, the count of the single round thread which would
have the same total cross-sectional area as the component
threads, and the count of the corresponding square thread.

Thus, the conventional count of a multi-filament round thread
made up of three components equal in total cross-sectional
area to a round thread of count 32 is indicated as 3/32/36.

4.3 Procedure

4.3.1 Cutting of test pieces

Take five straight thread samples and cut them to a length of
approximately 1 050 mm.

NOTE — Kinked or curved thread will introduce errors.

If these threads are taken from bobbins or from any other type
of presentation in which the thread is under tension, heat treat
them for 30 min in a thermostatically controlled oven at a
temperature of 70 + 2 °C. After this heat treatment, condition
the thread as specified in clause 3. For threads taken from
forms of presentation where no tension is.applied to the thread,
condition as specified in clause 3.

Two types of apparatus may be used for cutting to:size. With
the first (method A), the cut is made with the thread placed in a
groove of a horizontal base. With the second (method B), the
thread is suspended and maintained in a vertical position by its
own weight.

4.3.1.1 Method A (see figure 1)

The apparatus consists of a horizontal, flat, metallic base, rec-
tangular in shape and having one or more longitudinal grooves.
A clamp is fixed at a position a few centimetres from the end of
the groove. A cutting device is fitted to each end of the groove
such that the distance between the cutting devices is
1000 = 1 mm. The grooves shall have an equilateral triangular
section with a base not less than 2 mm.

Lay each conditioned thread in a groove of the apparatus,
carefully avoiding stretching. Clamp it and cut to length by
means of the cutting devices.

4.3.1.2 Method B (see figure 2)

The apparatus consists of a rectangular vertical frame at the up-
" per and lower ends of which are mounted two metallic plates
having the inside edges parallel and sharp. Two cutting devices
(the fixed blade of which consists of the inside edge of the
metallic plate) and two external clamps are provided. The
clamps shall be of a spring-loaded type and the distance be-
tween the internal edges of the metallic plates shall be
1000 £ 1 mm.

Suspend each conditioned thread from the upper clamp. When
it has settled in the vertical position without stretch, fix it by
means of the lower clamp. Cut the thread to length with the
two cutting devices, using the lower one first.

2

4.3.2 Weighing of test pieces

Free the cut threads from any loose dusting powder by shaking
or brushing them gently, and weigh to an accuracy of + 1 %.

4.4 Expression of results

4.4.1 The sectional count, S, is given by the equation

m
S =100 —
Q

where

o is the density, expressed in megagrams per cubic metre,
of the thread, determined as specified in clause 6;

m is the mass, in grams, of 1 000 mm of thread.

4.4.2 The conventional count of rubber thread, C, is given by
the following equations.

For round-thread

LGk )2
m
For square thread
c=24 ]2
m
where

© s the density, expressed in megagrams per cubic metre,
of the thread, determined as specified in clause 6;

m is the mass, in grams, of 1 000 mm of thread.

4.4.3 Express the count of the thread as the median of the
values for the five test pieces as indicated in 4.2.3. The max-
imum and minimum values obtained shall also be stated.

5 Metric yield

5.1 Definition

metric yield: The unstretched length, in metres, of 1 000 g of
the thread.

5.2 Procedure

Determine the mass of each of five test pieces as specified in
4.3.2.



5.3 Expression of results

5.3.1 The metric yield of rubber thread, expressed in metres
per kilogram, is given by the formula

1 000

m

where m is the mass, in grams, of 1 000 mm of thread.

5.3.2 Express the metric yield of the thread as the median of
the values for the five test pieces.

6 Density
6.1 Definition

density (of thread) : The mass per unit volume of a test piece of
thread measured at a standard laboratory temperature and ex-
pressed in megagrams per cubic metre.

The standard laboratory temperatures are given in 1ISO 471.

6.2 Principle

Test pieces are placed in a suitable mixture of liquids, the den-
sity of which is adjusted until the test pieces neither float-nor
sink; this density is determined.

6.3 Immersion liquids

6.3.1 Most of the rubber threads on the market have a density
in the range of 0,90 to 1,11 Mg/m83. It is necessary, therefore,
to have a series of liquids having densities within this range.
Mixtures of ethanol (0,79 Mg/m3) and ethylene glycol
(1,11 Mg/m3) are suitable.

For threads of greater density, a suitable inorganic salt solution
may be used. A solution of sodium chloride is suitable.

6.3.2 Before the mixtures are used, they shall be
homogeneous and free from air bubbles. They shall be kept in
closed containers so as to avoid evaporation. They shall be
used at a temperature of 20 + 2 °C.

6.4 Apparatus
6.4.1 Glass cylinder, of capacity about 1 000 cm3.

6.4.2 Hydrometer or hydrostatic balance or other ap-
paratus allowing measurement of the density of liquids to an
accuracy of at least 0,005 Mg/m3.

1) 1MPa = 1 N/mm2
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6.5 Procedure

6.5.1 Take four test pieces approximately 10 mm long from
the sample. Dip each test piece in ethanol and then rub be-
tween the fingers to remove dusting powder and any air bub-
bles from the surface.

6.5.2 Thoroughly homogenize a suitable liquid mixture
(6.3.1), taking care not to introduce any air bubbles. Place one
of the test pieces in the liquid. Adjust the density of the liquid
by additions of the appropriate components, mixing thoroughly
after each addition. Continue this adjustment until the test
piece neither sinks nor floats.

6.5.3 Test the other three test pieces in the mixture; two of
the three test pieces must reach equilibrium in a period of 3 to
10 min.

6.5.4 Determine the density of the liquid mixture to the
nearest 0,005 Mg/m3.

7 Tensile strength

7.1 Definition

tensile strength, R : The stress at which the thread breaks
whenlit is stretched under specified conditions,

The value is expressed in megapascals 1), based on the initial
cross-sectional area.

7.2 Apparatus

The essential requirements are a dynamometer (accuracy
+ 2 %) and suitable clamps to avoid damage to the test piece.

The apparatus described in 7.2.1 or 7.2.2 may be used.

7.2.1 Rotating drum clamps
A suitable apparatus is shown in figure 3 and consists of:

a) spring dynamometer;

b) free-running idler pulley, connected directly to the
free end of the spring and free to move in the direction cor-
responding to the axis of the spring;

c) two driven winding drums having slots or other
devices for engaging the ends of the test pieces.

The drums and pulleys shall have similar diameters within the
range of 25 to 30 mm. The winding drums shall be motor driven
at a uniform surface speed of 50 to 60 mm/s rotating in the
direction shown and the thread path between them shall be
between 250 and 400 mm.

All drums and pulleys shall have a smooth surface.
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7.2.2 Rigid clamps

The apparatus described in ISO 37 is used with clamps con-
sisting of:

a) flat rigid face approximately 25 mm square for one jaw
of each clamp;

b) rigid convex face 5 £ 3 mm in radius and 25 mm wide
for the other jaw of each clamp.

Rubber tubing of approximately 1,6 mm bore and a wall thick-
ness of 0,8 mm and a threader or other device for inserting the
rubber thread in the tubing are also required.

7.3 Procedure

7.3.1 Rotating drum method

Prepare five test pieces each consisting of a suitable number of
threads to give a convenient force at break. In turn, position
each test piece over the idler pulley and fix the ends to the two
winding drums.

Set the apparatus in motion.

When the test piece breaks, read and record the value of the
load at break.

7.3.2 Rigid clamp method

Prepare five test pieces approximately 1256 mm in length. Place
the clamps described in 7.2.2 in the testing machine with the
axes of the convex surfaces horizontal and their centres 50 mm
apart. Cut two pieces of rubber tubing at least 10 mm long and
pass the ends of the test piece through the tubing so that at
least 25 mm of thread extends beyond the tubing at each end.
Secure one piece of tubing and one end of thread in the upper
clamp. Straighten the test piece and adjust the tubing on the
other end to eliminate slack in the test piece and secure themin
the lower clamp.

Select a force scale for the dynamometer so that an accuracy of
+ 2 % is attained.

Start the machine and observe or record the force and elonga-
tion at break. If the test piece breaks within 3 mm of either
clamp, discard the result and test another test piece.

7.4 Expression of results

7.4.1 The tensile strength, R,,, in megapacals, of each test
piece is given by the equation

R = —
™ SN

where

F is the force, in meganewtons, at break;

S istheinitial cross-sectional area, in square metres, of the
test piece;

N is the number of ends of thread attached to the dyna-
mometer.

7.4.2 Express the tensile strength of the thread as the median
of the values for the five test pieces. The maximum and mini-
mum values shall also be quoted. The test report shall indicate
the type of apparatus and procedure used.

8 Elongation at break
8.1 Definition

elongation at break: The increase in length of the thread at
break when it is stretched under the specified conditions,
expressed as the percentage increase of the original length.

For example, a test piece 30 mm in length which increases in
length t0-210 mmyat break is said to have an elongation at break
of 600 %

8.2  Test pieces

8.2.1 The test pieces shall be of a length suitable for the appa-
ratus being used.

8.2.2 Each test piece shall have a reference iength of not less
than 30 mm clearly marked with ink.

8.3 Apparatus

As described in 7.2.1, without the dynamometer but with the
addition of a graduated scale, parallel and close to the test
piece; or as described in 7.2.2.

8.4 Procedure
8.4.1 Rotating drum method

Prepare five test pieces. In turn, fix the ends of each test piece
to the two winding drums of the apparatus and set these in
motion.

Follow the progressive separation of the two reference marks
on the graduated scale (two observers are required).

When the test piece breaks, read the positions reached by the
two marks on the scale. Record the length at break reached by
the reference length.
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If the apparatus in 7.2.2 is used, follow the procedure in 7.3.2
with the initial length at 50 mm.

8.5 Expression of results

8.5.1 The elongation at break, 4, expressed as a percentage,
of the test piece, is given by the equation

gLz lo
L

x 100

(o]

where

L, s the initial reference length, in millimetres, of the test
piece;

L, is the length, in millimetres, at break, of the reference
length of the test piece.

8.56.2 Express the elongation at break of the thread as the me-
dian of the values for the five test pieces. The maximum and
minimum values shall also be quoted. The test report shall in-
dicate the type of apparatus and procedure used.

9 Stress at predetermined elongation
9.1 Definitions

9.1.1 stress during first predetermined extension: The
stress, measured in megapascals, ! calculated on the original
cross-sectional area, at a specified elongation on an un-
massaged thread.

NOTE — In common practice, this is also called *’Green modulus’’.

9.1.2 massaging (mechanical conditioning): Subjection
of the sample, conditioned as specified in clause 3, before any
readings are taken, to a number of cycles of elongation to, and
retraction from, an elongation greater than that at which the
readings will be made, in order to eliminate the effects of
storage on the physical properties of the thread, and to
reproduce as far as possible the conditions of use.

9.1.3 Schwartz value: The average of the stresses, in
megapascals 1, calculated on the original cross-sectional area
at a specified elongation measured on extension and retraction
of a massaged thread. It is denoted by the symbol SV, where ¢
is the massaging elongation and » that at which readings are
taken, both expressed as percentages of the initial length. ¢ and
n must be multiples of 100 and, unless otherwise specified, are
chosen so that

c=n+ 100

Preferred values of n are 300 % and 500 % according to the
type of thread under test.

1) 1MPa = 1 N/mm2
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9,14 Schwartz hvsteresis ratic: The ratic
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specified elongation measured on retraction and extension,
after massaging. It is denoted by the symbol SHRS,, where c is
the massaging elongation and n the elongation at which
readings are taken, both expressed as percentages of the initial
length. ¢ and n must be multiples of 100 and, unless otherwise
specified, are chosen so that

c=n+ 100
Preferred values of n are 300 % and 500 % according to the
tuno nf throad 1indar +act
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9.2 Determination of stress during first

nraedetermined extension of Schwart> valiia and
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of Schwartz hysteresis ratio

9.2.1 Apparatus

The following apparatus or that described in 7.2.2 may be used.
The essential requirements of the apparatus are that it must be
capable of extending and retracting the test piece at a controll-
ed rate of 100 £ 30 mm/s to and from any specified elonga-
tion, and of indicating the load at any point of the cycle.

A ‘suitable“form"of apparatus is shown diagrammatically in
figure 4.

It consists of an endless chain (1) passing round two sprockets
(2) and (3), the lower sprocket (3) being driven by a reversible
motor fitted, with @ solenoid-operated brake (this is necessary in
order, to.obtain quick reversal without overrun).

The loop of the thread is stretched between two hooks (4) and
(5), the former being attached to the chain, and the latter to the
hook of a spring dynamometer (6) from which a scale (7) is also
suspended. Means may be provided for recording the load in-
dicated by the spring dynamometer at any stage of the cycle,
possibly by means of a spark discharge puncturing a paper
chart.

9.2.2 Procedure

Prepare three test pieces each consisting of a loop or a multiple
loop of thread of circumference 100 + 1 mm, the number of
turns being selected to suit the count of the thread and the
capacity of the apparatus.

Distribute the thread evenly between the several turns by
rotating the loop around the fingers before placing it over the
hooks (4) and (5).

Make six cycles of elongation and retractior without interrup-
tion to an elongation of ¢ %. Take readings at n % elongation
on the first cycle (extension) and on the sixth cycle (extension
and retraction); minimal pauses to take readings are permis-
sible.
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NOTE — If the apparatus in 7.2.2 is used, follow the procedure in 7.3.2
but make six cycles of extension and retraction without interruption to
an elongation of ¢ % and take readings at n % on the first cycle (exten-
sion) and on the sixth cycle (extension and retraction).

9.2.3 Expression of results

The stress during first predetermined extension (Green
modulus), GM,,, in megapascals, is given by the equation

F,
GM, = —L
2SN

The Schwartz value, SV§, in megapascals, and the Schwartz
hysteresis ratio, SHRYS, expressed as a percentage, are given by
the equations

F, + F3

SVS =
4 SN

F.
SHRS = =2 x 100
F

where

F; s the load, in meganewtons, at n % elongation‘on ex-
tension (1st cycle);

F, is the load, in meganewtons, at n % elongation on ex-
tension (6th cycle);

F3 is the load, in meganewtonsat; n%,elongation on
retraction (6th cycle);

S is the original cross-sectional area, in square metres, of
the test piece;

N is the number of complete loops tested.

Express the stress during first predetermined extension, the
Schwartz value and Schwartz hysteresis ratio of the thread as
the median of the values obtained for the three test pieces. The
test report shall indicate the type of apparatus and procedure
used.

10 Elongation under a specified load
10.1 Definition

elongation under a specified load: The percentage elonga-
tion of a rubber thread when stressed by the application of a
specified load per unit area.

It is determined by applying a load to an unmassaged thread
and so is liable to be affected by the age, storage, condition
and previous history of the thread.

1) 15,5 kPa = 15,6 mN/mm?
27,4 kPa = 27,4 mN/mm?2

It is normally determined at two levels of applied force, i.e.
15,6 kPa 1 and 27,4 kPa ).

10.2 Test pieces

One or more pieces of thread, according to count, shall be used
as a test piece.

10.3 Apparatus

10.3.1 The essential requirements are that the apparatus per-
mits a test piece to be stretched at a constant speed until it just
supports a predetermined load, and that it incorporates a
graduated scale for reading the elongation.

10.3.2 A suitable apparatus is shown in figure 5 and consists
of:

a) graduated scale for reading the elongation of the test
piece;

b) two clamps for gripping the ends of the test piece, the
length between the clamps in the initial state being
150 +,2 mm; - togetherywith a means of mechanically
moving the.upper clamp in'a vertical direction to extend the
test piece at a.constant speed of 30 + 10 mm/s;

c) pan, attached to the lower clamp, to which the
necessary weights may be added to make up the load ap-
propriate to the count of the thread being tested;

d) electric_switch, situated immediately beneath the
pan; when the weight of the pan is exceeded by the force
exerted by the stretched thread, the pan will be lifted and
the switch will stop the motor and apply the brake.

NOTE — If, for this test, an apparatus differing from that described but
complying with 7.2.2 is used, the test report shall contain a reference
to the type of apparatus and procedure used.

10.4 Procedure

Prepare three test pieces. In turn, fix the ends of each test piece
in the clamps and add the required weights to the pan. Start
the motor and when it is automatically stopped by the switch,
measure the elongation of the test piece on the scale.

10.5 Expression of results

10.56.1 The elongation, A, expressed as a percentage, of the
test piece under the specified load is given by the equation



L, is the original length, in millimetres, of the test piece;

L, is the total length, in millimetres, of the extended test
piece.

10.5.2 Express the elongation under specified load as the me-
dian of the values for the three test pieces.

11 Stress retention
11.1 Definition

stress retention: The residual load, expressed as a percentage
of the original load on the thread, after the test piece has been
maintained at a constant elongation (usually 100 %) for a
specified time.

11.2 Test pieces

Test pieces shall be composed of loops of the type described in
9.2.2.

11.3 Apparatus

Figure 6 shows a simple apparatus for carrying out this test.
One end of the test piece shall be passed round one peg, the
other end being attached to the other peg by means of a wire
clip. A spring dynamometer shall be attached to the other end
of the wire clip and the load required just to lift the clip off the
peg measured. The distance between the two pegs shall be
such that the thread is subjected to the specified elonga-
tion £ 2 %.

11.4 Procedure

11.4.1 Prepare three test pieces. Pass the end of each test
piece round the bottom peg and attach the other end to the
wire clip as shown in figure 6. Then pass the inner loop of the
wire clip over the top peg, thus subjecting the test piece to the
specified elongation with an accuracy of + 2 % (usually
100 £ 2 %). Maintain this extension during the test.

11.4.2 When a measurement of stress is to be made, attach
the spring dynamometer to the outer loop of the wire clip and
raise the dynamometer until the wire clip is just clear of its sup-
porting peg. At this point, read the dynamometer, which just
counterbalances the force exerted on the rubber thread.

11.4.3 Take the initial reading 30 £ 1 min after the initial ex-
tension of the thread on the apparatus and further readings
after 14 days and at intermediate intervals if required.
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11.5.1 The stress retention, expressed as a percentage, of the
L .
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F, is the original load;

F, is the residual load.

11.6.2 Express the stress retention of the thread as the me-
dian of the values obtained for the three test pieces.

NOTE — This test may be carried out at ambient or elevated
temperatures and the conditions and duration of the test shall be stated
in the test report.

11.6 Test report

If the test elongation differs from 100 %, this must be recorded.

12 /Accelerated ageing test on rubber
threads in a relaxed state

12.1,.-General

12.1.1 Accelerated ageing tests on rubber threads in a relaxed
state are made in order to determine the change in physical
properties of a rubber thread subjected to hot air treatment at
atmospheric pressure at a controlled temperature and for a
specified time.

12.1.2 These accelerated ageing tests have only a com-
parative value, and may not be taken as an exact indication of
the storage life of rubber threads, as the test conditions cannot
reproduce all the various aspects of storage.

12.2 Principle

12.2.1 The ageing properties of a rubber thread are normally
evaluated by the following measurements:

— tensile strength

— elongation at break

— Schwartz value

12.2.2 These properties on unaged test pieces are determined
in accordance with clauses 7, 8 and 9.

The same properties are determined on other test pieces after a
treatment in hot air at 70 + 1 °C for 14 days, and compared
with the properties of unaged test pieces.
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12.2.3 Other parameters may also be similarly compared.

12.3 Test pieces

A set of test pieces for each of the above properties shall be
prepared and identified, as described in clauses 7, 8 and 9.

12.4 Apparatus

Circulating hot air oven, capable of being maintained at 70 °C,
and as described in ISO 188; the cell-type oven is to be preferred as
it has the advantage of maintaining test pieces from different
samples in separate cells during the ageing process.

12.5 Procedure

12.5.1 The set of test pieces shall be put in the oven,
previously regulated at 70 °C, and left in a relaxed state for
14 days. At the end of the treatment period, the set of test
pieces shall be removed from the oven, and left for 16 h in the
conditions described in clause 3.

12.5.2 The properties listed in 12.2.1 shall then be determined
on the aged samples.

12.6 Expression of results

The results of this test shall be stated indicating:
a) the median of the values obtained for each physical
property before ageing;

b) the median of the values obtained for each;physical
property after ageing;

c) the percentage variations of each physical property due
to the ageing treatment are given by the formula

where

X, is the value of the property before ageing;

X, is the value of the property after ageing.

13 Ribbons: Degree of adhesion between
threads

13.1 General

This method is intended for determining the degree of adhesion
between the threads composing a rubber ribbon in order to
predict the behaviour of the ribbon in practical use.

13.2 Principle

At one end of the ribbon, all the threads are separated for a
short distance and placed into two groups of alternate threads.
The minimum force required to separate the threads in these
two groups for a further specified distance under a specified
rate of extension is determined.

In order to express the result independently of the thread
count, the degree of adhesion is usually expressed as the
length of ribbon tested whose weight is equivalent to the
measured force required to separate the threads.

13.3 Apparatus

13.3.1 Tensile testing machine, with a constant rate of
traverse of 5,0 £ 0,3 mm/s and with flat clamps so that the in-
dividual threads can be aligned in parallel; a capacity range
from 0 to 5 N is generally satisfactory. The use of a stress-strain
recording paper is suggested.

13.3.2 Simpler apparatus may also be used, consisting of a
support (hook or clamp) on which one of the two groups of
threads may be hung, together with a pan which can be at-
tached to the other set of threads and on which weights may be
placed.

13.4 Test pieces

Each test piece shall be composed of a piece of an entire rib-
bon, approximately 500 mm long. {See note to 13.6.)

13.5 Procedure

13.5.1 Separate all the threads at one end of the test piece for
about:50 mm.

13.5.7.1“When'using the apparatus described in 13.3.1, group
together all the even-positioned and ali the odd-positioned
threads in two separate groups by placing alternate individual
threads on masking tape in order, one after the other. Maintain
the alignment of the individual threads.

Set the jaw separation on the testing machine at 75 mm.

Mount one set of threads in the upper jaw and the other set in
the lower jaw, taking care to ensure parallel alignment of the
threads. The free end of the ribbon shali be supported horizon-
tally throughout the test.

Set the apparatus in motion, and record the average force re-
quired to separate the threads over a test length of 100 mm.

13.56.1.2 When using the apparatus described in 13.3.2, group
together all the even-positioned and all the odd-positioned
threads and knot the free ends. One of the groups shall be hung
from the support, leaving the other free for the attachment of
the pan.

Apply force by adding weights of known mass to the pan until a
slow but continuous separation for at least 50 mm of the ribbon
is obtained.

13.6.2 During the test, note whether the separation takes
place in a sufficiently uniform manner on all the front of the rib-
bon; any irregularities indicate different degrees of adhesion for
different threads.



13.6 Expression of results

The degree of adhesion of the threads is given by the length, in
metres, of ribbon whose weight is equivalent to the average
separation force determined.

NOTE — In the case in which fractions of the entire ribbon, for exam-
ple ten threads, are submitted to the test, the value of the degree of
adhesion obtained will have to be multiplied by a correction factor
which takes into account the different ratio in the two cases between
the number of threads and the lines of adhesion, so that it may be com-
pared with the value of the degree of adhesion for the entire ribbon.
This ratio is expressed by the formula

(N = 1)n
(n — 1IN
where

N is the number of threads in the entire ribbon;
N — 1 is the number of lines of adhesion in the entire ribbon;
n is the number of threads in the fraction of ribbon tested;

n — 1 is the number of lines of adhesion in the fraction of ribbon
tested.

13.7 Test report
The test report shall contain the following,information :

a) the identification of the ribbon tested;
b) the degree of adhesion, in metres;

c) whether the separation;took place. uniformly or.not.

14 Resistance to copper staining during
laundering

14.1 General

14.1.1 This method is intended for determining the amount of
staining caused to adjacent textile materials and the amount of
discoloration of a rubber thread when it is washed in water con-
taining dissolved copper salts.

14.1.2 This test has only a comparative value, and may not in-
dicate the exact performance of a thread in service because of
the wide variation in copper contents of domestic water sup-
plies.

14.2 Principle

The thread under test is placed in intimate contact with textile
fabrics and heated in a wash solution containing a known con-
centration of copper. The amount of staining and discoloration
is determined by visual inspection of the samples after the test,
using an appropriate grey scale.

14.3 Reagents

14.3.1 Copper, standard solution corresponding to 1 g of Cu
per cubic decimetre.

1ISO 2321-1983 (E)

Dissolve 3,928 g of copper(ll) sulfate pentahydrate
(CuS0,4.5H,0) in copper-free distilled water and add 100 cm3
of 280 g/dm3 analytical grade ammonium hydroxide solution.

Transfer the solution quantitatively to a 1 000 cm3 one-mark
volumetric flask, dilute to the mark with copper-free distilled
water and mix.

1 ¢cm3 of this standard solution contains 1 mg of Cu.

14.3.2 Copper, standard solution corresponding to 5 mg of
Cu per cubic decimetre.

Transfer 5,0 cm3 of the standard copper solution (14.3.1) to a
1 000 cm3 one-mark volumetric flask, dilute to the mark with
copper-free distilled water and mix.

1 cm3 of this standard solution contains 5 ug of Cu.

Prepare this solution at the time of use.

14.3.3 Soap, standard solution, or sodium
dodecylbenzenesulfonate.

Prepare the soap solution by dissolving 10 g of analytical grade
sodium_hydraxide in' 100 cm3 of copper-free distilled water and
adding 500-cm3 of near boiling copper-free distilled water. Stir
into this solution 70,5 g of analytical grade oleic acid and heat
t070°°C-*When frothing has died down and the solution is
cool, transfer it quantitatively to a 1 000 cm3 one-mark volu-
metric flask, dilute to the mark with copper-free distilled water
and mix.

14.4 Apparatus and materials
14.4.1 Aluminium plates, 50 mm x 50 mm x 3 mm.
14.4.2 Beakers, of capacity 2560 cm3.

14.4.3 Thermometer, range 0 to 100 °C, graduated in divi-
sions of 0,2 °C.

14.4.4 One-mark volumetric flasks, of capacity 1 000 cm3,
complying with the requirements of 1ISO 1042.

14.45 Pipettes, 5 cm3 and 1 cm3, complying with the re-
quirements of 1ISO 648.

14.4.6 Textile fabric samples.

These may be either individual samples of white acetate,
cotton, nylcn and viscose fabrics, yarns, or multifibre fabric
swatches.

NOTE — The multifibre fabric swatch consists of strips of acetate,
cotton, nylon, polyester, acrylic and wool and may be obtained from
Testafabrics Inc., 55 Van Dam St., New York, USA, from The Society
of Dyers and Colourists, PO Box 244, Perkin House, 82 Grattan Rd,
Bradford, BD1 2JB, England or from Wentworth Instruments, North
Green, Datchet, Slough SL3 9JH, England.
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