
 

 

 

Three Important Ways Ketoprix™ 
Polyketone Can Help Engineers 
Address Thermal Design 
Considerations 

Virtually all injection molded components 

are exposed to temperatures which are 

significantly higher or lower than typical 

room temperatures. Even parts destined for 

an office or interior residential environment 

may see significant temperature excursions 

during shipping or warehouse storage.   

This is an important design consideration 

for engineers because all thermoplastics are 

inherently viscoelastic which means that all 

of their physical properties are temperature 

dependent.  The degree to which a resin’s 

properties change during thermal 

excursions varies from one resin to another. 

Ketoprix™ polyketone retains an excellent 

balance of physical properties over a wide 

range of temperatures.   

Additionally, thermoplastics are subject to 

chemical attack to varying degrees and the 

severity of chemical attack can be very 

temperature dependent. This also applies 

to hydroscopic resins as the rate of 

moisture absorption and equilibrium 

moisture content (which also affect 

mechanical properties) are temperature 

dependent as well.  

Finally, exposure to elevated temperatures 

in air over time will lead to thermo-

oxidation of any polymer resulting in a loss 

of properties. The rate at which this occurs 

is dependent upon several variables 

including the temperatures to which the 

part is exposed.   

Mechanical Property Considerations 

As the ambient temperature increases the 

strength and rigidity (modulus) properties 

of all thermoplastic resins decrease. 

Conversely, as exposure temperature 

decreases strength and rigidity of all 

thermoplastic resins increase while ductility 

(toughness/impact resistance) decreases.  

However, the rate at which these changes 

occur as well as the magnitude of the 

changes vary from one resin to another.  

The mechanical properties of Ketoprix™ 

polyketone resins are comparatively 

insensitive to changes in temperature. As a 

result, these resins retain strength and 

rigidity well as temperature increases and 

ductility/toughness at sub-ambient 

temperatures.  Figure 1 provides tensile 

strength and elongation values as a function 



of temperature for Ketoprix™ EK63.  As can 

be seen therein while tensile strength and 

elongation at yield of this resin are 

approximately 60 MPa and 25% respectively 

at 23C, tensile strength is still approximately 

40 MPa at 100 C while tensile elongation at 

yield at -40 C is in excess of 10% while 

strength increased to roughly 110 MPa.  

This is an usually robust combination of 

properties. For context, consider that 

general purpose polycarbonate, which is a 

very tough material, exhibits a tensile 

elongation at yield in the range of 7% with a 

tensile strength at yield of approximately 62 

MPa at room temperature.   

Figure 1. Tensile strength & strain of 

unreinforced Ketoprix™ polyketone

 

This relationship is also evident in glass fiber 

reinforced grades of Ketoprix™ resins as is 

shown in figure 2. 

 

Figure 2. Tensile strength as a function of 

temperature for two grades of glass reinforced 

Ketoprix™  

 

 In contrast with the effect of elevated 

temperatures on a resin’s strength and 

stiffness, extended exposure to sub-

ambient temperatures will result in higher 

strength and stiffness with a decrease in 

ductility (impact resistance). A material 

property known as the glass transition 

temperature is widely accepted as a good 

indicator of the temperature at which one 

can expect a significant change in rigidity 

and toughness of a thermoplastic resin. 

More specifically the lower a resin’s glass 

transition temperature (Tg) is the more 

ductile the material will be at sub-ambient 

temperatures.  The glass transition 

temperatures as determined by dynamic 

mechanical analysis (DMA) for Ketoprix ™ 

EK33 resin in the dry as molded and 

moisturized states are provided in Table 1.  

Table 1. Ketoprix EK33 Glass Transition 

Temperatures 

Dry as Molded 24 Hrs. in water 
5C / 41F -15C/5F 
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Based on these values the designer can be 

confident that even when in the dry as 

molded state there will be little change in 

the toughness/impact resistance of 

Ketoprix™ resins at temperatures 

approaching freezing and when moisturized 

the resin will retain it’s toughness at 

temperatures well below freezing. 

Therefore it is clear that Ketoprix™ resins 

are well suited for applications where 

practical toughness at sub-ambient 

temperatures is important. This is a 

particularly difficult challenge for many 

thermoplastics and one of the most 

significant ways Ketoprix™ resins can solve 

common challenges faced in many 

demanding applications.  

Chemical resistance challenges 

As was discussed in a previous article in this 

series ( Four Harsh Environments Where 

Ketoprix Polyketone Excels  ) the 

temperature at which a resin is exposed to 

any given reagent has a significant effect on 

the propensity for the resin to be attacked 

by that reagent.  There is a general rule of 

thumb often cited when discussing this 

topic which states that the rate of a 

chemical reaction, which is what a chemical 

attack actually is, doubles for every 10 

degrees C increase in temperature. Thus, a 

resin may not be attacked by a particular 

chemical at room temperature but when 

the exposure temperature increases, the 

same resin very well might be attacked.  

While the same basic consideration applies 

to Ketoprix™ resins, the fact that they 

exhibit excellent chemical resistance to a 

broad range of reagents provides the 

designer more latitude in this area than is 

offered by many other resins.  This is 

reflected in the data provided in Table 2 

below which provides chemical resistance 

data for Ketoprix™ polyketone following 25 

days immersion in several aggressive 

reagents at 80 C.  

Table 2.  Chemical resistance data for 

Ketoprix™ polyketone at 80 C 

 

Moisture absorption and the equilibrium 

moisture content in any resin are also 

temperature dependent. Ketoprix™ 

polyketone resins provide an advantage for 

engineers and designers because 

polyketone resins exhibit both low affinity 

for moisture and in turn low equilibrium 

moisture content levels at any temperature 

http://www.esprixtech.com/news/2016/09/21/articles/four-harsh-environments-where-ketoprix-polyketone-excels/
http://www.esprixtech.com/news/2016/09/21/articles/four-harsh-environments-where-ketoprix-polyketone-excels/


as compared to hydroscopic resins such as 

polyamides (nylons). This behavior means 

that there is little change in the mechanical 

properties of the resin as well as part 

dimensions when exposed to high moisture 

environments.  

Long term oxidative stability 

Long term exposure to elevated 

temperatures will result in a loss of 

properties in any thermoplastic resin due to 

thermo-oxidative degradation of the resin. 

Typically this is manifested as a loss of 

tensile strength and ductility. The 

magnitude of these changes and the rate at 

which they occur are not the same for all 

resins. Ketoprix™ polyketone exhibits 

excellent retention of mechanical 

properties when exposed to elevated 

temperatures.  As is shown in Table 3, the 

tensile strength of Ketoprix™ EK33 is 

unchanged after 1000 hours exposure at 

100 C while the EK33 modified for improved 

heat stability retained approximately 91% 

of its original tensile strength following 

1000 hours exposure to 120C.  

Table 3.  Tensile strength retention at elevated 

temperatures for Ketoprix™ EK33 and heat 

stabilized EK33 (testing per ISO 527) 

Grade Temp 

(C) 

Initial 
Strength, 
MPa 

400 
hours 

600 
hours 

1000 
hours 

EK33 100  70 69 71 70 

EK33 + 
heat 
stabilizer 

120  66 76 74 60 

 

The tensile half life of Ketoprix™ 63 resin as 

determined by IEC 216-1 at various 

temperatures are summarized in Table 4 

below. These values represent the 

continuous use temperatures at these 

conditions.  

Table 4. Continuous Use Temperatures of 

Ketoprix™ 63 per IEC 216-1  

Time, hours Temperature, C 

5000 104 
11000 95 

20000 88 

 

For applications in the electrical and 

electronics market, the Relative 

Temperature Index (RTI) rating is often an 

important consideration. This value 

represents the half life of specific classes of 

properties (mechanical, impact, electrical) 

at specific sample thicknesses as 

determined by the Underwriters 

Laboratories UL 746B test protocol.  

Summarized in Table 5 are the RTI values 

for Ketoprix™ 33 and 63 resins for 

mechanical, mechanical with impact and 

electrical properties.  

Table 5. RTI values for EK33 and EK63 resins  

Property 0.75 mm 1.5 mm 3.0 mm 

Mechanical 90 C 90 C 90 C 
Mechanical 
w/impact 

85 C 85 C 85 C 

Electrical 115 C 115 C 115 C 

 

As is demonstrated by the forgoing data, 

Ketoprix™ resins afford the designer a 



significant advantage with superior 

resistance to thermo-oxidative degradation 

when exposed to very high temperatures 

over long periods of time.  

Design considerations 

In applications where elevated and/or sub-

ambient temperatures will be encountered 

there are a few basic considerations which 

must be taken into account during design 

and when selecting a material.  

• What is the exposure duration at the 

temperature extreme(s)? If the 

duration is short then the part itself 

may not actually reach the 

temperature of the environment – so 

care is warranted when evaluating 

elevated temperature material data.  

If exposure duration is long term, 

then thermo-oxidative behavior 

becomes important.  

• If the excursion is cyclical what is the 

rate at which the change occurs? Will 

there be a thermal shock to take into 

consideration?  

• Have the effects of thermal 

expansion/contraction & differences 

between coefficients of thermal 

expansion values (for an assembly) 

been addressed? 

• What environment will the part be 

exposed to during the thermal 

excursion, e.g. high humidity, 

aggressive reagents, etc.?  

• Have the dimensional changes 

related to the thermal excursion(s) 

been factored into the tolerances for 

the application?  

In summary, although the viscoelastic 

nature of all thermoplastics means that 

their mechanical properties will change as a 

function of temperature, not all resins show 

the same degree of sensitivity to elevated 

temperatures. Nor do all resins show the 

same increased sensitivity to chemical 

attack or greatly increased equilibrium 

moisture content or conversely become 

much more brittle at sub-ambient 

temperatures.  By virtue of the fact that 

Ketoprix™ polyketone resins retain their 

excellent combination of strength and 

ductility (toughness) over a broad 

temperature range, have little affinity for 

moisture, resist attack by many aggressive 

chemicals and exhibit excellent retention of 

strength after long term exposure to 

elevated temperatures these materials 

offer the engineer a very cost effective tool 

to address the effects of thermal 

excursions.  

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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