Technical Information

High Performance Materials

Extract content of polyamides

T QUESHION . 1
2 Measuring methods ..........ceveiiiiiiiiiiiieee e 1
3 Comparison of various products.............cccoceeeeiinenenns 2
1 Question

The question is frequently raised regarding the residu-
al monomer or extract content in a PA 6.

In fact, residual monomer content and extract content
are two different issues. In the case of PA 6, the ques-
tion of residual monomer content refers only to the
free caprolactam, while the extract content can include
all extractable components in the plastic. Therefore, in
addition to caprolactam, it also encompasses its oli-
gomers, i.e. dimers, trimers, tetramers, etc., as well as
any possible additives.

The numerical values depend greatly on the selected
measuring method. The most critical aspect in this
context is the nature of sample preparation.

2 Measuring methods

All measuring methods used in practice separate the
polymer from the low-molar fractions, either by dis-
solving them from the plastic with a solvent or by dis-
solving the entire sample and precipitating the high-
molar fractions. Finally, the quantity of extract is de-
termined and then compared to the original sample
quantity.

The differences lie in the details of procedure and in
the substances detected as extract. For example,
differences exist in the:

B Samples (whole or ground granules, the size and
shape of the particles also plays a role)

B Solvent (methanol, water, ...)

B Temperature and duration of extraction
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B Temperature, pressure and duration of rotary
evaporator

B Temperature, pressure and duration of vacuum
drying in the drying cabinet

B Analysis of extract quantity (e.g. concentration by
evaporation of the solvent or spectroscopic methods)

to name but a few.

All of these, and possibly other parameters must be
specified in order to effectively interpret the numerical
values. Different solvents or particle sizes, for in-
stance, result in significantly different values.

Although standards exist to govern these preparation
and measurement procedures, they often leave a cer-
tain degree of latitude, or are carried out in different
ways in practice. Deviations of this kind are not speci-
fied at all in some cases, or at most by the reference
“...based on...”

Extraction often is conducted on whole granule parti-
cles (pellets). This results in the soluble components
near the surface being detected, but not those in the
interior of the granules. They remain in the granules
and are not included in the analysis.

To avoid this situation, the granules can be ground
into a defined type of powder, making it possible to
much more effectively capture these interior regions of
the particles as well. The quantity of substance ex-
tracted is significantly larger as a result. This prepara-
tion method is prescribed by EN I1ISO 6427.
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Fig. 1 Extract content, measurement results using different methods

Fig. 1 compares the results of measurements on a
uniform granule sample, but using different methods.

Most noticeable here is the difference between the
measurement results for the ground (1) and non-
ground (2) granules. The ratio of measurement values
of 1:7, as determined here, can deviate significantly
in some cases. It depends on numerous parameters
not discussed in detail here.

The selected solvent also influences the measurement
results. In this case, water is a poorer solvent for the
extracted substances, so the measurement results
obtained with water (3) are somewhat lower than
those with methanol (1).

The  measurement results  obtained under
EN ISO 6427 must not be viewed as the absolutely
correct answer to the question of “extract content,”
because this method most likely does not capture the
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entire content of extractable substances. Extending
the extraction duration — e.g. from 3 h as specified in
the standard to 6 h (4) — slightly increases the extract
content. However, extending it again to 9 h no longer
improves extraction (5). On the other hand, this con-
firms that no artifact — such as a breakdown of the
polymers into low-molecular substances — is falsifying
the measurement result.

3 Comparison of various products

The next figure, Fig. 2, shows which extract contents
are actually found in the materials based on meas-
urements to EN 1SO 6427 of our Durethan® and prod-
ucts from other manufacturers.

It must be emphasized in this case that the measured
values shown are not typical values, but rather the
result of an individual measurement.
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Fig. 2 Extract content, measurement results using different methods

The figure shows that the extract content of LANXESS
products is comparable to that of products from other
manufacturers. Many of these manufacturers indicate
a value of 0.6% without specifying their measurement
and preparation methods. Some expressly specify that
the test sample involved non-ground granules. It is
notable that, in all samples an extract content of more
than 0.6% was found using EN ISO 6427.

These results again underline the fact that precise
knowledge of the measurement method is important
for interpreting the results. Similarly, a comparison of
measurement values cannot provide useful infor-
mation without detailed knowledge of the method.
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For PA 6 materials produced according to state-of-the-
art processes, we expect extract contents of over 0.6%
when tested in accordance with EN ISO 6427. In con-
trast, lower values indicate the use of other parameters
or methods, and should therefore not be used for a
direct quantitative comparison with values measured by
this standard.

LANXESS regularly measures the extract contents of
its PA 6 resin as part of monitoring and controlling its
production process. The extract contents typically are
between approx. 0.8 to 1%, measured in accordance
with EN ISO 6427, i.e. ground granules (0.5 — 0.7 mm)
and with extraction for 3 hours with methanol.
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Durethan® and Pocan® are registered trademarks of LANXESS Deutschland GmbH

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 and information to determine to your own satisfaction whether they are suitable 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 us. Unless we otherwise agree in writing, all products are sold strictly pursuant to the terms of our standard conditions of sale. All information and
technical assistance is given without warranty or guarantee, 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 patents covering any material or its use. No license is implied or in fact granted under the claims of any patent.

Typical Properties
Property data is provided as general information only. Property values are approximate and are not part of the product specifications.

Health and Safety

Appropriate literature has been assembled which provides information concerning the health and safety precautions that must be observed when handling LANXESS
products mentioned in this publication. Before working with these products, you must read and become familiar with the available information on their hazards, proper
use, and handling. This cannot be overemphasized. Information is available in several forms, e.g., material safety data sheets (MSDS) and product labels. Consult
your LANXESS Corporation representative or contact the Product Safety and Regulatory Affairs Department at LANXESS. For materials that are not LANXESS
products, appropriate industrial hygiene and other safety precautions recommended by their manufacturer(s) must be followed.

Regulatory Compliance

Some of the end uses of the products described in this brochure must comply with applicable regulations, such as the FDA, NSF, USDA and CPSC. If you have any
questions on the regulatory status of any LANXESS engineering thermoplastic, consult your LANXESS Corporation representative or contact the LANXESS Regula-
tory Affairs Manager.

Medical

BIOCOMPATIBILITY INFORMATION: All LANXESS resins (hereinafter "Product(s)") designated as "medical grade" have met the requirements of the FDA-Modified
ISO 10993, Part | "Biological Evaluation of Medical Devices" tests with human tissue contact time of 30 days or less. ONLY THESE PRODUCTS MAY BE
CONSIDERED CANDIDATES FOR APPLICATIONS REQUIRING BIOCOMPATIBILITY. No "medical grade" Product will be made available for sale until successful
completion of the above testing by LANXESS. Regrind resins must not be used in medical applications requiring biocompatibility. MANUFACTURER'S
RESPONSIBILITY: It is the responsibility of the medical device, biological product or pharmaceutical manufacturer ("Manufacturer") to determine the suitability of all
component parts and raw materials, including any LANXESS Product, used in its final product in order to ensure safety and compliance with FDA requirements. This
determination must include, as applicable, testing for suitability as an implant device and suitability as to contact with and/or storage of human tissue and liquids
including, without limitation, medication, blood or other bodily fluids. Under no circumstances may any LANXESS Product be used in any implant applications (cos-
metic, reconstructive or reproductive). Nor may any LANXESS Product be used in any other bodily implant applications, or any applications involving contact with or
storage of human tissue, blood, or other bodily fluids, for greater than 30 days, based on the FDA-Modified ISO 10993 tests. The suitability of a LANXESS Product in
a given end-use environment is dependent upon various conditions including, without limitation, chemical compatibility, temperature, part design, sterilization method,
residual stresses or external loads. It is the responsibility of the Manufacturer to evaluate its final product under actual end-use requirements and to adequately
advise and warn purchasers and users thereof. Single-use medical devices made from a LANXESS Product are not suitable for multiple uses. If the medical device is
designed for multiple uses, it is the responsibility of the Manufacturer to determine the appropriate number of permissible uses by evaluating the device under actual
sterilization and end-use conditions and to adequately advise and warn purchasers and users thereof. STERILIZATION INFORMATION: The sterilization method and
the number of sterilization cycles a medical device made from a LANXESS Product can withstand will vary depending upon type/grade of product, part design, pro-
cessing parameters, sterilization temperature and chemical environment. Therefore, the Manufacturer must evaluate each device to determine the sterilization meth-
od and the number of permissible sterilization cycles appropriate for actual end-use requirements and must adequately advise and warn purchasers and users there-
of.

Note:
The information contained in this publication is current as of November, 2016. Please contact LANXESS Corporation to determine if this publica-
tion has been revised.
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