Four Harsh
Environments Where
Ketoprix™ Polyketone

Excels

M any thermoplastic parts are exposed to

environmental conditions which canlead to
premature failure. Engineers must carefully
evaluate the exact conditions their parts will
experience in the field in order to selecta resin
which will survive in these harsh environments.
This can be a complex and difficult task due to
the many different variables involved. As a
result there is often a tendency to either select
a material which is not suitable for the
environment it will experience or to over
specify and select a resin which is more than
capable but which also unnecessarily increases
costs. Ketoprix™ polyketone bridges this gap
with a unique blend of properties which allow it
to perform well in a wide range of hostile
environments that typically require a much
more expensive resin. Four environments
where many resins experience performance
issues are:

e exposureto aggressive chemicals

e significant temperature excursions —
both high and low

e significant moisture exposure

e repeated exposure to common
sterilization techniques

Beginning with this article we will address each
of these challenging environments, common
concerns which should be addressed in
selecting a resin and how Ketoprix™ polyketone
can help you succeed when faced with each of
these environments. The first of these areas we
will address are applications involving exposure
to chemicals which are problematic for many
thermoplastics and the considerations
engineers need to take into account in order to
navigate this complex situation successfully.
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Resistance to attack by aggressive reagents is a
multi-faceted, complex design consideration.
This is due to the fact that many variables are
involved which often make it difficult to
determine if the particular chemicals a given
application will encounter in the field will
attack the resin.

e The particular chemical(s) involved
e The concentration of the chemical(s)
involved



e The nature of the exposure—is it
immersive or casual?

e The duration of the exposure

e Thetemperature at which the
exposure occurs

e The stresses acting on the part when
the exposure occurs (this includes all
stresses by the way)

e Airflow in the environment where
the exposure occurs —i.e. are the
parts in an enclosure which prevents
the chemicals from flashing off to
atmosphere?

Then there is the wide disparity in chemical
resistance test methods used by material
producers. Some only provide short term
subjective evaluations such as “acceptable”, “slight
attack” or “unacceptable”, or only provide data for
testing performed at room temperature with
chemicals at a single concentration while others
provide retained tensile strength data for short and
long term durations at multiple temperatures and
reagent concentrations. What's an engineer to do?
For these reasons ultimately the end user must
perform their own application-specific testing to
determine suitability of any given resin. However,
all that said, relevant chemical resistance data
suitable for screening purposes is generally
available for many thermoplastic resins including
Ketoprix™ polyketone.

There are two mechanisms by which a chemical
attack occurs in polymers: solvation and chemical
reaction. Due in large part to their dipolar
(electrochemically neutral) semi-crystalline
morphology Ketoprix™ polyketone resins are
resistant to attack by both of these mechanisms in
a wide range of chemical environments. Among
the common classes of chemicals to which

Ketoprix™ polyketone resins are resistant to attack
by include:

e Aliphatic & Aromatic Hydrocarbons
e Ketones, Esters & Ethers

e Inorganic Salt Solutions

e Weak Acids & Bases

The resin’s resistance to attack by hydrocarbon
based reagents combined with its excellent
barrier properties make it particularly well
suited to use in automotive applications as well
as the oil & gas production industry. The ever
increasing number of emission regulations for
all volatile organic compounds common to
these classes of chemicals results in ever
greater performance demands being placed on
thermoplastics used in automotive fuel
systems, chemical containment and
transmission systems. By way of example of the
resistance of Ketoprix™ polyketone resins to
attack by fluids commonly found in automotive

environments, consider the following:

e |Immersion in unleaded gasoline,
modified MTBE, 100% MTBE at 74 F
& 115 F for a year had no effect on
the appearance or mechanical
properties of the resin

e Immersion in transmission fluid,
chassis lubricants and motor oils for
one year at 74 F or 90 days at 250 F
had no effect on the mechanical
properties of the resin

o Ketoprix™ polyketone is unaffected

by immersion in calcium chloride
after one year at room temperature

Some examples of applications where these
properties make Ketoprix™ polyketone



particularly well suited include fuel filler necks,
fuel sending units, fuel lines, under hood
connectors, manifolds, radiator end caps and
fuel vapor recovery components, among
others.

As for the oil and gas production industry
Ketoprix™ polyketone offers a cost effective
alternative to more expensive resins such as
PPS, PPA and PVDF that are often used in these
applications with better mechanical
performance than type 11 polyamide in many
conditions. Consider for example the following
data. Using tensile bars cut from an extruded
pipe liner after 4 months immersion in a blend
of benzene, toluene, xylene, cyclopentenes,
cyclohexanes, C4-C5, C6-C10 and C11 fluids at
100 C there was essentially no loss in the
tensile strength of the resin. The material’s
suitability for this type of application is also
reflected in the data in Table 1 below.

Table 1. Exposure at 80C for 3 months:

Drilling | 1% 1% 1.5%
Mud EC110A | Corexit | HF &
7.5%
HCL

Yield 115% 101% 100% 109%
Stress

Change

Resistance to a wide range of chemicals also
means that the resin is well suited to use in
many other agricultural and industrial
applications where a part may be subjected to
aggressive  chemicals under demanding
conditions such as elevated temperatures and
high stresses. For example, agricultural
applications where the component may come

into contact with insecticides, fertilizers,
degreasers and other chemicals which can be
problematic for many resins. Likewise,
industrial applications where the components
such as bearings, gears, belting and other
material handling related components that may
come into contact with a wide variety of
cleaners, lubricants, greases and other
compounds commonly found in industrial
environments which can attack many other

thermoplastic resins.

The information provided here represents only
a small portion of the chemical resistance
information available for Ketoprix™ polyketone
resins but clearly demonstrates that the
material is well suited for use in many
applications which require resistance to attack
by aggressive chemicals in demanding
conditions.

In closing, here is a bit more guidance on
screening resins for applications where



chemical resistance is a consideration. As
noted at the beginning of this article, there are
many variables which have an effect on the
ability of a component molded from any
particular resin to survive exposure to any
particular chemical or combination of
chemicals. Here are some guidelines to keep in
mind:

Temperature of the environment during the
exposure has a significant effect. While it
should not be taken literally, in many
instances the rate of a chemical reaction
doubles for every increase in temperature of
10 C. Note also that some material/chemical
combinations exhibit a threshold type
behavior where little effect is manifested until
a particular temperature is reached after
which the effectis much more pronounced.

Be as specific as possible when identifying the
particular  chemical(s) of concern in
comparison to screening data. Most common
compounds that your application will come
into contact with are not a single chemical but
rather are a combination of a variety of
chemicals. While published material safety
data sheets can be somewhat vague relative
to composition at times, they are still a good
place to start when assessing the potential for
chemical attack with your component.
Likewise, concentration of a solution is
important as well — for example while a
material may not be attacked with a 3%
hypochlorite solution, it very well may be
when exposed to a 10% hypochlorite solution.
The stresses acting on a component will affect
the likelihood of any given chemical attacking
a resin. It is important to note here that all
stresses acting on the part are additive in all
circumstances — including this one. The key
take-aways here are: 1) if the test data used
to screen a resin does not include an applied

stress it will yield more favorable results than
if it does so, and 2) this includes ALL stresses,
meaning not just applied stresses but those
related to things like fasteners and residual
stresses. The latter point is germane when
comparing data generated using idealized
two-dimensional test specimens such as
tensile bars as opposed to applications which
may include tortuous filling patterns, long
flow lengths and/or small gates, all of which
elevate residual stress levels.

Remember that all of these factors are
interdependent. For example, as
temperature and duration of exposure
increase the concentration and applied
stress level in the part which can be
tolerated will decrease.

There is no substitute for application-specific
testing. When faced with uncertain conditions
it is best to design your own test protocol
which takes into account all of the critical
variables described herein.

Want to know more about Ketoprix™
polyketone resins? Have an application with
which you need some assistance? Please visit
our website at www.esprixtech.com for

product information or contact Mr. Dang Le at
dle@esprixtech.com or 281-969-8763.
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