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Environmental stress cracking —bend strip test

Initial remarks

The mechanical load-bearing capacity of plastics that are

in contact with chemicals can only be assessed correctly

if kKnowledge is available on the additional effect that mechanical
tensile stress has on the behaviour of the plastics vis-a-vis
chemicals. Tensile stresses expand the structure of the
materials and thereby generally reduce their resistance

to environmental influences.

The behaviour of a material vis-a-vis chemicals under the
action of tensile stress can be checked in a tensile creep
test or flexural creep test in which the specimen surface

is additionally exposed to solid, liquid and gaseous media.
In the case of tests that are to be conducted on a large scale,
these methods are generally only applied for plastics which
display a high level of relaxation (primarily semi-crystalline
plastics) on account of the large outlay on apparatus that

is involved. Amorphous plastics can usually be tested by
the bending strip method, since they generally have a low
relaxation tendency.

Underlying principle of the test method

Test specimens are held in an arc shape, by means of two
clamps, on the surface of a template in chemical-resistant
material, with a radius of curvature r. This leads to a surface
strain of & = d/(2 r + d) in the tensile zone of the specimen, Fig. 1.

By employing different radii of curvature for the templates
and/or different specimen thicknesses, it is possible to vary
the surface strain in small increments (pre-strain stages).

Stress cracks are frequently taken as an indicator of damage
having occurred. Since these cracks are not always clearly
visible, it is a good idea to conduct an objective assessment
on the basis of a change in an appropriate property (“indicator
property”) by a specified amount (“criterion”).

The damage strain is the surface strain that leads to fulfilment
of the criterion. This is a function not only of the environment
but also of the state of the specimen and the temperature.
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Fig. 1: Bending strips with a defined surface strain

Method

The specimens that have been clamped on the templates
are brought into contact with the test medium either over
their entirety or simply in the tensile zone for an agreed period
of time at the testing temperature. Agents with a low volatility
should be applied, drop by drop, to strips of non-woven
fabric-type paper which are then placed on the specimen.
Paste-like substances should be brushed on to firm
materials, such as elastomer specimens, or pieces

of plastic containing plasticiser should be placed on top

of the specimen and, where appropriate, fixed in place

by a second specimen (sandwich), Fig. 2.

After storage, the specimens are first subjected to a visual
inspection. Following this, properties that display a sensitive
reaction to damage (e.g. elongation at break and impact
strength) are established on the specimens, subsequent

to load removal, in the short-time test. The impact strength
according to Charpy on a flat rod of dimensions 80 x 10 x 4 mm
has proved to be an appropriate property for the amor-
phous plastics of Apec®, Bayblend® and Makrolon®.

In order to “"develop” the damage that has taken place,
thermal treatment should be carried out beforehand and/or
the impact strength established at a low temperature.
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The first stress cracks generally also occur in the region
of the sharp drop. After a sufficiently long exposure time
(1 to 3 weeks, as a function of the plastic and the temperature)

Priifmedium/ ensure better contact

Test medium

no essential change is to be expected in the damage strain
€G with continued exposure to the surrounding

medium. This means, therefore, that the damage strain
can be regarded as time-independent variable.
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The property value studied is plotted over the surface strain &x
that was applied. In the event of material damage, the property
curve will generally display a stepped shape, Fig. 3. The
surface strain that is allocated to the sharp drop is the required
damage strain €GP in the test medium or GV in the compara-
tive medium.
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Fig. 3: Property curves and damage strains "GV

The ratio of the damage strain in the medium and the
comparative medium (usually air)

5GP
5GV

indicates the extent to which the level of strain that can still
be regarded as permissible in the comparative medium is
reduced through the action of the medium.

Typical value
These values are typical values only. Unless explicitly agreed in written form, they do not constitute a binding material specification or warranted values. Values may

be affected by the design of the mold/die, the processing conditions and coloring/pigmentation of the product. Unless specified to the contrary, the property values
given have been established on standardized test specimens at room temperature.

The manner in which you use and the purpose to which you put and utilize our products, technical assistance and information (whether verbal, written or by way of
production evaluations), including any suggested formulations and recommendations, are beyond our control. Therefore, it is imperative that you test our products,
technical assistance, information and recommendations to determine to your own satisfaction whether our products, technical assistance and information are suita-
ble for your intended uses and applications. This application-specific analysis must at least include testing to determine suitability from a technical as well as health,
safety, and environmental standpoint. Such testing has not necessarily been done by Covestro. Unless we otherwise agree in writing, all products are sold strictly
pursuant to the terms of our standard conditions of sale which are available upon request. All information and technical assistance is given without warranty or guar-
antee and is subject to change without notice. It is expressly understood and agreed that you assume and hereby expressly release us from all liability, in tort, contract
or otherwise, incurred in connection with the use of our products, technical assistance, and information. Any statement or recommendation not contained herein is
unauthorized and shall not bind us. Nothing herein shall be construed as a recommendation to use any product in conflict with any claim of any patent relative to any
material or its use. No license is implied or in fact granted under the claims of any patent.

With respect to health, safety and environment precautions, the relevant Material Safety Data Sheets (MSDS) and product labels must be observed prior to working
with our products.
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