Three Ketoprix™

Ways
Polyketone Compounds Can
Solve Your Moisture Related

Application Challenges

Whether it be due to atmospheric moisture,
immersion in water, or an aqueous solution,
ambient moisture levels in an application’s
operating  environment can  present
significant performance challenges for
thermoplastic resins in  multiple ways.
These can be due to atypically high or low
moisture levels depending upon the
particular material and performance metric
of concern. The molecular structure of
aliphatic polyketone, in particular the carbon
to carbon bonds in its’ molecular backbone
result in a material with little affinity for
moisture and excellent hydrolytic stability.

Moisture related application challenges
generally fall in one of three areas: the
effects of moisture absorption/adsorption on
material properties and part dimensions,
hydrolytic degradation related to long term
exposure to water — particularly hot water
and processing related considerations.

Moisture absorption

Thermoplastic resins exhibit varying degrees
of affinity for moisture depending upon their
molecular structure and to some extent the
polymerization method by which they are

produced. On a practical level this simply
means that the equilibrium moisture content
for a given application will vary from one
material to another. Some resins will be
affected more significantly when exposed to
high relative humidity and temperatures, or
in constant contact with water, than other
resins. This is an important consideration for
engineers and designers since material
properties and part dimensions will change,
sometimes significantly, as the moisture
content in the material changes with the
operating environment. Therefore, a lower
materials’ equilibrium moisture content for a
given operating environment will give more
predictable material properties and part
dimensions.

In this way Ketoprix™ polyketone
compounds offer engineers and designers a
distinct advantage over other resins that are
more significantly affected by moisture. For
example, this effect is shown in Table 1,
which compares the equilibrium moisture
content of Ketoprix™ polyketone and type
6,6 polyamide at 50% and 100% relative
humidity.

Table 1. Equilibrium moisture content for unreinforced
Ketoprix™ polyketone and type 6,6 nylon

Resin 50% RH 100% RH
Ketoprix™ EK33  0.5% 2.1%
Type 6,6 Nylon 2.5% 8.5%

As mentioned previously the mechanical
properties of a resin will change in
proportion to the equilibrium moisture
content of the resin. In the case of
polyamides, as moisture content increases
there is a corresponding loss of strength and
stiffnress with an increase in impact
resistance. One of the unique features of
Ketoprix™ polyketone resins is that while




there is a comparatively small change in
stiffness of the resin with the uptake of
moisture the strength properties of these
compounds are virtually unaffected as is
shown in Tables 2 and 3.

Table 2. Strength and Rigidity of Ketoprix™

Polyketone and Type 6,6 Polyamide @ 50%RH

Property EK33, PA66,dam PA 66,
dam 50%RH

Tensile

Strength, 8700 12,000 8700 8500

psi

Flexural

Modulus, 232 182 410 175

Kpsi

The difference in properties between these
two resins is even more pronounced in glass
reinforced Ketoprix™ compounds as
compared to glass reinforced type 6,6 nylon
compounds as can be seen in Tables 4 and
5.

Table 3. Strength and Rigidity of Ketoprix™
Polyketone and Type 6,6 Polyamide @ 100%RH

Property EKT23G4, 33% GF PA66,
50% RH 50% RH
Tensile Strength,
. 24,850 18,000
psi
Flexural Modulus,
Kpsi 1,500 900

Table 4. Strength and Rigidity of Ketoprix™ EKT23G4
and 33% Glass Reinforced Type 6,6 Nylon at 100% RH

Property

EKT23G4,
100% RH

33% GF PAG66,
100% RH

Tensile Strength,
. 23,600 12,000
psi
Flexural Modulus,
Kpsi 1,200 600

As a material absorbs, or adsorbs moisture,
the dimensions of the part made from that
material will change. Naturally, as moisture
is absorbed, the part will get larger and vice-
versa when moisture is lost. As is intuitively
apparent the more moisture a material
absorbs the more significant these changes
will be. Accordingly then, since Ketoprix™
polyketone compounds have little affinity for
moisture, the magnitude of moisture related
dimensional changes will be smaller than
what is experienced with compounds which
exhibit higher equilibrium moisture content
levels for any given combination of ambient
conditions. For example, as is shown in
Table 5, the dimension change after 15 days
in a 23 C 50% relative humidity environment
was approximately 700% more with type 6
nylon than with aliphatic polyketone. For the
same duration exposure at 100% relative
humidity, the dimensional change with
unfilled type 66 nylon was approximately
250% that of unfilled Ketoprix™ polyketone
while dimensions with an unfilled type 6
nylon were approximately 400% of those
seen with Ketoprix™ polyketone.

Table 5. Dimensional change in type 6 nylon, type
66 nylon and Ketoprix™ polyketone resins (23C, 15
days)

N 50% RH 100% RH
Ketoprix Polyketone 0.3% 1.2%
Type 6 nylon 2.2% 5%

Type 6,6 nylon 0.3% 3%

Hydrolysis Resistance

When exposed to water, particularly hot
water, for an extended period of time
molecular degradation via chain scission
can occur in polymers. This process, known
as hydrolysis, shortens the molecular chains
which comprise the material leading to




embritlement and loss of strength.
Condensation polymers such as
polycarbonate, polyesters and polyamides,
are particularly prone to this phenomenon.
However, the molecular structure of
Ketoprix™ polyketone, in particular the
carbon to carbon bonds in the backbone of
the molecular chain, confers excellent
resistance to hydrolysis — even when
immersed in hot water. A schematic of the
molecular chain for aliphatic polyketone
illustrating this C-C bond which exists
between the carbon monoxide and
polyethylene monomers used to produce the
resin is provided in Figure 1.

Figure 1. Schematic Illlustration  of
polyketone molecular structure
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The hydrolysis resistance of Ketoprix™
polyketone is reflected in the fact that after
6 months immersion in boiling water the
tensile stress and strain at yield properties of
Ketoprix™ EK63 are virtually unaffected.
This is also reflected in Table 6 below which
provides tensile strength at yield values for
Ketoprix™ EK63 and unfilled type 66 nylon
when tested at 23 C & 50% RH after 25
days immersion in water at 80C (176F).

Table 6. Hydrolysis Resistance of aliphatic
polyketone and type 6,6 polyamide

Exposure Ketoprix™ Unfilled
EK63 PA 66

Control 8,700 psi 8,294 psi

Water 8,600 psi 4,800 psi

Immersion

Seawater 8,700 psi 4,800 psi

immersion

©

The excellent hydrolysis resistance exhibited
by Ketoprix™ polyketone compounds
combined with its’ resistance to attack by a
broad range of reagents gives a material
which is resistant to attack by a wide range
of aqueous solutions as is shown in Table 7
below which provide tensile strength at yield
values for these materials following
immersion in various solutions at 80C for 25
days.

Table 7. Chemical Resistance of Ketoprix™
polyketone and type 6,6 polyamide in
agueous solutions

Ketoprix .
Reagent EK63 Type 6,6 Polyamide
Control, . .
50% RH 8,700 psi 8,500 psi
1% NaOH 8,500 psi 4,100 psi
10% NaOH 8,700 psi 4,200 psi
1% HCL 8,600 psi Embrittled
10% HCL 9,400 psi Dissolved
30% . .
H250. 8,600 psi Dissolved
50% ZnCL, 6,700 psi Dissolved

Reduced Processing Costs

Many thermoplastic resins require drying
before molding in order to avoid molecular
degradation due to excessive moisture in
the melt stream. The maximum moisture
content that can be tolerated in the melt
stream  without incurring  significant
degradation or process instability varies
from one resin family to another but
generally ranges from as low as 0.02% for
PET to 0.20% for type 66 polyamide resins.
Similarly the temperature required for drying
these resins varies as well with
temperatures in the range of 240 F are
common. The lower the moisture content in
the resin must be when processed and the
higher the minimum drying temperature is
for a given resin the more expensive it is to




prepare the material for molding and the
longer it will take to accomplish.

However, since Ketoprix™ polyketone
resins are not sensitive to chain scission
degradation during melt processing due to
moisture, only minimal pre-drying is
recommended to remove any surface
moisture to enhance process stability.
Usually just 2 hours at 140 F is sufficient to
prepare Ketoprix™ compounds for melt
processing. This translates to reduced
processing cost for the molder as well as
improved productivity through reduced
handling and preparation requirements.

To summarize, due to the molecular
structure of Ketoprix™ polyketone resin
these compounds exhibit little affinity for
moisture and excellent hydrolysis
resistance. As a result there is little change
in the physical properties of these
compounds in very moist or dry
environments and they are very well suited
for use in applications which will be
continuously exposed to hot, moist
environments. Further, since these materials
are not subject to molecular degradation
effects related to moisture in the melt state
when processed overall processing costs
are reduced as compared to other more
hygroscopic resins such as polyamides and
polyesters.

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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